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Executive Summary
This report is a reflection on the necessity for the inclusion of people with disabilities in
the field of STEM and the different methods and processes that need to be revised or implemented
to achieve this goal.
Chapter One reviews the current attitudes and policies towards people with disabilities in
STEM fields in academia and the workplace. By looking at these topics, the chapter delves into
the challenges transitioning from academia to higher education and employment, impacts of
inclusion and underrepresentation in these areas, and stigmas that are attached to people with
disabilities. Today, current accommodations in STEM academia are sufficient with general
classroom access, but fall short in teaching faculties' understanding and the majority of lab spaces,
regardless of field of study. Limitations in the physical spaces and ones placed upon people with
disabilities by the academic community by being uninformed and/or having an ableist mindset also
play a factor in academic advancement. Comprehensive workplace accommodations for a
transition from the academic space to the workforce have become increasingly commonplace, with
the only hindrance being careers that require certain physical tasks that might be out of reach due
to specific disabilities. However, there may still be stigma in the workplace and barriers in career
advancement. Requiring diversity training that incorporates learning about disabilities and offering
career development programs for people with disabilities could be helpful in reducing stigmas and
barriers.
Chapter Two focuses on improving learning environments and pathways to support
students with disabilities in the STEM field. PWDs interviewed and surveyed reported that they
faced inexperienced teachers and lack of support staff in K-12 and barriers of self-reporting and
limited accommodations in higher education. An already challenging learning environment
coupled with lack of accessible labs and external programming designed for students with
disabilities has stymied the growth of PWDs in the STEM field. This chapter explores five facets
of the education space and offers recommendations to promote the success of students with
disabilities in STEM. The "Teaching Best Practices" section dives into the current state of
universal design in learning, accommodations, and classroom management and how best to
disseminate these best practices in classrooms and labs. In "Skills Coaching," coaching and
mentorship is shown to help students achieve self-actualization and career advancement. "Lab
Instructor Training" unpacks a key barrier to student progression in STEM, the emphasis on handson lab experience, and argues a more inclusive lab starts with the instructor. The "Virtual
Simulations and Labs" section looks at how virtual alternatives can increase accessibility in labs.
Finally, the "Internships and Training Programs" compares and contrasts a number of programs
designed to expose PWDs to hands-on work experience necessary to advance their career
opportunities. Promoting best practices, institutionalizing instructor training, and providing
specialized pathways can help future PWDs realize that a STEM career is not only feasible but
rewarding.
Chapter Three examined the physical accessibility of STEM in various environments. The
chapter detailed five factors that affect how PWDs are able to physically access and navigate
settings they could encounter while pursuing the STEM field. These five factors were the
architectural design of laboratories, equipment available in laboratories, circumstances
surrounding fieldwork, classroom layout, and service dog guidelines in laboratories. The section
"Laboratory Architecture" outlined major points of inaccessibility regarding the design of the
traditional laboratory, which included seating, workbench height, aisle width and safety features.
"Scientific Equipment in Laboratories" discussed how the design of commonly available lab
equipment, such as glassware and microscopes, can be a physical barrier for PWDs to complete

tasks in the lab independently. In "Physical Accessibility of Fieldwork," the section described
some of the obstacles PWDs face when participating in fieldwork as well as current practices and
possible solutions that could expand access to the worksite. The section "Physical Accessibility
for People with Disabilities in Classrooms and Lecture Halls" explored how various elements in
classrooms and lecture halls can influence accessibility, including the arrangement and mobility
of seating and workspaces and the availability of technology aids. "STEM Accessibility with
Service Dogs" delved into the accessibility of STEM laboratories for PWDs with service dogs and
provided recommendations that promote the inclusion of students who have a service dog. There
is a clear need for laboratories and classrooms to implement principles of universal design in order
for PWDs to safely navigate learning spaces without difficulty. The environment in the lab,
classroom, and field should enable PWDs to complete tasks independently and with greater ease,
which may require technological aids, altered equipment and service dog accommodation.
Chapter Four explores alternative methods of scientific information within STEM settings.
The five subtopics were separated between alternative data acquisition and data presentation with
reference to visual, auditory, and physical disabilities. These subtopics begin to explore how
traditional methods of collecting and displaying data, communicating, and presenting results
within STEM education and research fail to promote the success of PWDs. The “VisualImpairment Disabilities and Data Acquisition in STEM Labs and Education” section elaborates on
the need for preparation and PPE for service animals in labs, a list of suggestions to improve the
experience of students with visual impairments in STEM settings, along with a discussion of
emerging solutions for advancement of assistance for STEM students with visual disabilities. The
“Auditory-Impairment Disabilities and Data Acquisition in STEM Labs and Education” section
examines issues regarding information or data acquisition faced by those who are deaf or hard of
hearing in STEM activities, such as ASL communication, lip reading with masks, and peer-to-peer
communication, along with a discussion of current or possible solutions. The “Physical Disabilities
and Data Acquisition in STEM Labs and Education” section reviews the current landscape of
physical accommodations and begins to explore how these accommodations can be further
developed. The “Visual-Impairment Disabilities and Presentations in STEM Labs and Education”
section discusses the issues people with vision impairments face from common presentation styles
as well as ways to help make presentations widely accessible for PWDs. The “AuditoryImpairment Disabilities and Presentations in STEM Labs and Education” section discusses the
issues faced by those who are deaf or hard of hearing caused by common presentation styles and
where the current methods to address these issues fall short.
Chapter Five reviewed the use and availability of accommodations for students with
disabilities in STEM. The five subtopics discussed were: practices specific to students with
disabilities in STEM, mentoring programs, resource support, extended time, and core competency
requirements for higher education accreditation. These five subtopics provide a vast overview of
the types of accommodations available, both in and out of the classroom. The “Practices Specific
to Students With Disabilities” section focuses on incorporating arts in STEM, consistent
instructions and expectations, accessible notes and having a personal aid for the success of students
with disabilities in STEM. The “Mentoring Program” section focuses on the forms of mentoring
programs provided to people with disabilities and the benefits that can be gained from this
experience. The “Resource Support” section focused on financial support practices that can lead
to increased PWD involvement in higher education due to greater accessibility and greater ability
to pay off student debts that have previously been a barrier for potential students. The “Extended
Testing Time” section explored how providing PWDs with 150%-200% testing time promoted
their academic success, particularly for students with learning disabilities. The last section, “Core
Competency Requirements for Higher Education Accreditation,” discussed the process that PWDs

must follow in order to receive appropriate accommodations for the different exams STEM
students are required to take to progress through their education.
Chapter Six reviewed the concept that new and developing technologies can provide great
assistance to people with disabilities and the current underutilization of these technologies. The
six subtopics discussed include what these technologies are and how they can be used for
accessibility. The technologies outlined include robotic lab assistants, AI and smart applications,
virtual reality and virtual simulation, automated desks, chairs and other lab equipment, 3D printing
tools, and telementoring applications. These technologies can provide assistance to people with
disabilities through creating more accessible lab spaces, allowing work to be done from home
through computers, and having tools available for procedures that require intense physical
movements. The section about robotic lab assistants discusses how these automated systems create
an opportunity for PWDs to still be involved in the laboratory learning process and participate in
lab activities despite any physical restrictions. The section about smart applications, internet of
things, and voice assistants discusses the future developments of these technologies, proving that
as they become more popularized, their ability to better the lives of people with disabilities
increases drastically. The “Computer-Based Lab” section explains the use of Virtual Reality and
Augmented Reality technology to provide a remote, virtual, or hybrid laboratory experience that
can parallel a typical in-person lab experience. The automated desks, chairs and other lab
equipment section focuses on physical disabilities and creating a lab space that allows for access
to the basic tasks necessary, such as opening cabinets and doors. The section on 3D printing low
tech assistive devices discusses the types of tools that can be created, such as mobility aids or
tactile graphs, and how these devices can increase active participation for students with disabilities.
Studies surrounding the effectiveness of e-mentoring for students with disabilities, specifically
within the STEM field, show how the presence of a mentor has a positive impact on students’
confidence levels, assurance in career choices, and general attitudes and feelings of belonging and
self-worth.
This paper will delve into further detail about the challenges facing PWDs in STEM
through interview anecdotes and survey results. Each solution offered will be accompanied by
thorough research and support. Policymakers, teachers and students may use these
recommendations to break down barriers to STEM careers and build a more inclusive future.

Chapter 1: Attitudes and Policies For the
Inclusion of People With Disabilities in
STEM
Riley Holloway, Abhinav Prasad, Alec Ramos, Yiem Srivanich

Section 1.1: Introduction
According to the Center of Disease Control, 61 million Americans are identified to have
some types of disability (Center of Disease Control and Prevention, 2020). That is about 26% of
the US population. Paying attention to science, technology, engineering, mathematics (STEM)
related employment, however, only around 8% of the employed are persons with disability (PWD)
(National Science Foundation, 2017). The drop in proportion of PWD inclusion within the STEM
workforce from the actual PWD population is clear. This is believed to be rooted not only from
the lack of access to accommodations, but also from the insufficient preparations and the lack of
social acceptance (Burgstahler, 1994). Looking from another perspective, one can see insufficient
preparation leading to the lack of social acceptance: one problem leading to another. Starting as
early as high school and pre-college, students with disabilities often lack understanding about the
content and resources to get into the STEM field, causing few to pursue STEM majors in college
and STEM careers. Due to this lack in numbers, other people's interaction experience with PWD
in STEM is also lacking. This led to the lack of social understanding, and therefore the lack of
social acceptance of PWD in STEM. And because of this lack of understanding passing on to
another generation, the same process repeated. During this repeating process, it cannot be denied
that the attitudes and policies toward the inclusion of PWD in STEM plays an important role. To
prevent PWD from giving up their career path within the STEM field, this chapter will address the
attitudes and policies within STEM in different stages of education/career: academia environment,
transition stage from academia to employment, and professional environment. Exploring these
stages accordingly will help surface the problems within each stage as PWD moves along their
STEM career as well as suggesting the solution for these shortcomings.

Section 1.2: Attitudes in Academia
It cannot be denied that attitude within the academic environment plays a very crucial role
in encouraging people with disability (PWD) to keep pursuing their dream career. With that said,
the attitude can be separated into two main components: one being the attitude of the surrounding
people toward PWD and the other being the PWD’s own attitude toward their goal.
It is undeniable that the attitudes of surrounding people play a big part in creating a welcoming
environment. PWD entering the STEM field is no exception. If the people in the STEM field
understand the issues PWD have and their required accommodations, then creating a welcoming
environment within STEM for PWD is not a problem. However, that is not the case. In interviews
1

with Purdue University students with disabilities, it was clear that the faculties’ understanding of
their condition was a problem. Because the teaching faculties didn’t understand PWD’s disabilities
clearly, they are more likely to make assumptions about their condition and their needed
accommodation. This led to the teaching faculty being less willing to accommodate the student
the way they actually requested. An example given by a Purdue student with genetic connective
tissue disorder (joint and muscle problem) was that they were denied recorded lectures for the days
they were absent due to their condition deteriorating. Because their disability became severe on a
random basis, they could not predict until it occurred. However, due to them being able to attend
classes normally and their disabilities not physically visible, the teaching faculty denied the
requested accommodation even when they got proof. One of the attitude issues they brought to
light was that the STEM field was originally very facts and evidence based that it influences the
teaching faculties’ belief in students with internal disability’s stories (Personal Communication,
April 6 2022). Still, this hasn’t included the fact that there are many types of disabilities, in which
one disability can greatly differ from the other. Lacking understanding of specific disabilities is a
given. This issue, nevertheless, can be compensated with experience of interaction. One negative
attitude toward PWD often arises from their lack of experience of interaction with PWD. As stated
in the research by Donna Aksamit et al., it was found that attitude can be improved with faculties
who have experience with students with disabilities (1987). An open mindedness of teaching
faculties is a key to understanding students with disabilities’ problems, and it can be gained through
their interaction experience with PWD.
Another aspect of attitude in academia is the attitude that students with disabilities (SWD)
have toward themselves. Being discouraged from entering the STEM field because of their own
limitations is an unavoidable truth that SWD faces. The survey conducted for this project shows
that of the 42 participants responding to the question “Do you believe that students with disabilities
are discouraged at an early age from seeking a STEM career, and are therefore at a disadvantage,
to enter in postsecondary STEM education?” 60% of the participants agree with the statement
compared to 12% being neutral and 28% disagree (Purdue IE 490/BME 495 online survey, 2022).
One issue pointed out in an interview with an executive of a technology company on the
underrepresentation of PWD in STEM is that PWD have a choice between working and receiving
Social Security Disability Insurance compensation (Personal Communication, March 4 2022).
Therefore, the working PWD are actually pursuing their dream with a clear goal and motivation
in mind, especially within the STEM field that is proven to have more barriers. A good role model
and the understanding of resources needed to be successful are essentials in grooming this mindset.
In an interview with a student with cerebral palsy (movement and balance disorder) pursuing a
child learning and development major emphasizing in neuroscience at the University of Texas at
Dallas, they stated that they have never been discouraged in seeking a STEM degree. Because they
came from a family of engineers, they have always been motivated to pursue a career in science
(specifically their favorite subject: biology) (Personal Communication, March 21 2022). With the
right support and encouraging environment, one motivation and goal can be set leading to selfefficacy. Self-efficacy is defined as “belief in one’s capabilities to organize and execute the course
of action required to produce a given attainment”, a character often found in well performed
students (Bandura, 1994). According to self-efficacy theory, a student's sense of self-efficacy
consists of four main factors: mastery experiences, vicarious experiences, social persuasion, and
2

self-management of physiological reactions (Jenson, 2011). Having a good role model and the
right motivated environment belongs to the vicarious experiences and social persuasion factor. As
for the mastery experiences and self-management of physiological reaction is totally dependent on
the individual. This “belief in one’s capabilities” allows an individual (SWD in this case) to set a
high goal and pursue them.

Figure 1. Self-Efficacy Theory with four factors

Section 1.3: Current Accommodations and Policies in STEM Academia
With the arrival of the global pandemic, accessibility for students has surprisingly
increased with the inevitable move to virtual learning in response to the necessity to create a safe
learning environment. Despite this, students seeking out post secondary education still encounter
challenges finding schools and campuses that provide the accommodations necessary for
themselves. In STEM, students are often required to meet outside of class, attend office hours, or
go to their respective laboratories to work on further assignments. Title II of the Americans with
Disabilities Act states that public institutions cannot turn someone away from education because
of their disability and that “reasonable accommodations” must be made for students with
disabilities (Americans with Disabilities Act, 2022). As of the latest Purdue building accessibility
3

map, the University has only 11 partially accessible and 10 inaccessible buildings for individuals
with mobility disabilities. Of these buildings there are 5 partially accessible and 4 inaccessible
STEM related buildings out of 192 total university buildings (Purdue University Accessibility
Guide, 2015). Hence, approximately 4.5% of all buildings are either partially or fully inaccessible.
This stands as an example of meeting a reasonable amount of accessibility on a campus, showing
promising growth in accessibility for students with disabilities. Unfortunately, not each program
in a school receives the same level of attention in laboratory spaces. This act has provided students
with disabilities the necessary grounds to raise fair complaints with universities in the case that the
necessary accommodations aren’t available.

Figure 2. Total DRC Students by Academic Year as a Percent of the Total Purdue Population
According to a student studying in both the STEM and English field at Purdue, many
professors have been slow to accept the severity of their condition. This lack of action forced them
to reach out to the DRC so the center would contact their professors directly and ask for the
necessary accommodations. They further explained that because their disability is not noticeable
physically, many times people don’t share the same level of willingness to provide necessary
accommodations. This concept is crucial because as the population of people with disabilities rises,
it will become more important for faculty and students alike to realize that not all disabilities are
discernable from a glance. In addition to this issue, this Purdue student also made it clear that the
English department has been very accommodating in comparison to STEM. An equally important
point this student brought up is that they had to reach out to the DRC themselves and had they not
done this, they likely would have struggled finding the accommodations they needed. They noted
many students are unaware of the DRC and Figure 2 above show that there has been positive
growth to counteract this (Purdue IE 490/BME 495 online survey, 2022). This does not account
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for all students with disabilities, as many still have not got in contact with the DRC, meaning this
graph should continue to change in years to come.

Section 1.4: Challenges Transitioning from Education to the Workplace
The transition stage of moving from school into the workplace can be challenging for
persons with a disability, but according to a business executive at a bio-technology company,
internal discouragement and biases can be even more harmful. This executive lives with a
movement disability and noted that “companies should be built to embrace diversity if they are to
accommodate persons with a disability.” Also stating, most individuals struggle with finding
confidence in themselves as opposed to being discredited by employers. They noted that in today’s
work world, companies are very willing to accommodate employees much like schools and
universities do. The big difference is that these workplaces are not mandated by the same laws that
require reasonable accommodations out of federally funded entities. This can lead to serious
variation in ability or readiness to accommodate. On most job applications, the applicant will be
required to answer if they have a disability of any capacity. For certain jobs this could be the
difference for them getting a position or not, but these are largely jobs that require either physical
labor. The STEM field is becoming more office based, meaning that the physical barriers for
PWDs wanting to pursue careers in STEM, is becoming more accessible. As the executive
explained, most companies that are creating diverse environments are going to be willing to
accommodate those with disabilities. Companies have access to the technology to make accessible
office and lab spaces for people, it just might have to be altered or added on a person to person
basis (Personal Communication, March 23 2022).

5

Figure 3. Survey Response asking the question “In which ways do you believe PWDs face
barriers transitioning from academia to employment/higher education in the STEM field?
(applicable to academic and employment) (select all that apply)”
According to a survey conducted by the authors of this report, when asked what the biggest
barriers people with disabilities face transitioning from academia to the workplace, 23% said
mental stress, 22% said getting appropriate accommodations, 19% said attaining equal
opportunity, and 19% said co-worker attitudes (Purdue IE 490/BME 495 online survey, 2022).
This relatively even split between the majority answers reflects that all of these barriers are present
and commonly experienced by people with disabilities looking to join the workforce. While the
percentage of responses that chose “Applying to jobs or school” was the fifth highest, according
to a student studying in both the STEM and English field at Purdue, the current hiring landscape
has an unaddressed hole in their application process with regard to identifying disability. On almost
any job application, an individual will be requested to answer whether or not they have a disability.
The issue this brings into question is an individual’s attitude toward all disabilities. Several mental
illnesses could be classified as a disability that may require the same amount of accommodation
as a mobility disability. As this student explained, there are still long standing stigmas that
individuals might not see mental illness as serious of a problem as being physically disabled in
any way (Personal Communication, March 23 2022). This issue with lack of disability
acknowledgement directly ties into barriers from the survey such as mental stress associated with
living with a disability and Co-worker attitudes.

Section 1.5: Policies Surrounding PWD Employment
In the United States, there is a baseline of federal regulations that help protect persons with
disabilities in the workplace. Through the Americans with Disabilities Act, passed and put forth
into law in 1990, discrimination against persons with disabilities is prohibited in a number of
sectors, including employment, transportation, public accommodations, communications, and
access to state and municipal government programs and services (Americans with Disabilities Act,
2022). With regards to the workplace and employment, Title I of the ADA prohibits private
employers, state and local governments, employment agencies, and labor unions from
discriminating against qualified individuals with disabilities in job application procedures, hiring,
firing, advancement, compensation, job training, and other employment terms, conditions, and
privileges. Employers with 15 or more employees, including state and local governments, are
covered by the ADA. It also applies to labor groups and employment agencies (Disability
Discrimination, 2022). The Rehabilitation Act of 1973, which provides financing for a variety of
disability-related goals and activities, also helps persons with disabilities find work. It has three
provisions that prohibit discrimination against persons with disabilities by federal agencies,
employers/businesses that deal with federal agencies, and programs that receive government
financial support. Section 501 of the Rehabilitation Act also forbids government employers from
discriminating against eligible persons with disabilities and requires them to take affirmative
action to hire and promote persons with disabilities (US Dept. of Labor, 2022).
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Figure 4. Survey Responses to the question “Do you think affirmative action promotes getting
PWD more opportunities and accessibility in education and employment?”
Affirmative action, as highlighted in Section 501 of the Rehabilitation Act, has been a big
advantage towards getting more people with disabilities into academia and the workplace.
According to a recent survey conducted by the authors of this report, a question about if they
thought affirmative action promotes getting people with disabilities more opportunities and
accessibility in education and employment was asked and although most respondents were unclear
on what affirmative action was, around 45% of the total respondents said they probably or
definitely thought affirmative action helped, compared to 16% who said it probably or definitely
did not help (Purdue IE 490/BME 495 online survey, 2022). Once they are in the workforce,
however, the environment they work in and type of disability also has an impact on whether they
can be accommodated and to what level. According to the Chief Customer Officer of an
information technology company in an interview, physical disabilities are not an issue. There are
protocols in place that can easily accommodate them and they are able to work effectively with no
challenges. Due to the work they do being mostly at a computer and in a virtual space, they have
also been able to effectively accommodate people with visual and auditory impairments as well.
A person can speak and have the words appear on the screen, making coding tasks easy to
accomplish and with future advances in technology and innovation labs, they are able to bring in
a more diverse workforce regarding people with disabilities (Personal Communication, March 4
2022). This of course can vary from company to company, even within the STEM field depending
on the type of work being done, as the levels of accommodations can change.

7

A business model that most companies implement is the corporate social responsibility
business model, or CSR. Corporate social responsibility refers to a company's attempts to better
society and contribute to long-term growth. It is a sort of self-regulatory company strategy that
focuses on delivering economic, social, and environmental advantages for all stakeholders
involved. It is also known as corporate consciousness or corporate citizenship. The goal of CSR is
to encourage corporations to operate ethically and to work toward a more beneficial influence on
society by ensuring long-term development (Guide, 2022). For many, CSR is a chance for a
company to develop relationships with stakeholders at all levels, including giving opportunities
for persons with disabilities to strive toward a more inclusive workplace. This is where the mission
of the company plays a big part. It can become an afterthought for many companies, so if their
mission does not highlight a goal to have this inclusive workplace due to the industry environment
or other reasons the company may not focus on enabling people with disabilities to join their
workforce. Since CSR focuses on the external functions of the company rather than the internal
ones, start-up companies or companies focused on short term growth overlook people with
disabilities, unfortunately seeing them as a hinder to their growth rather than an asset and reducing
the opportunities available to them.
Going specifically into academia employment, mostly in postsecondary education, the
regulations become less concrete and there is greater room for discrimination to occur as most of
the regulations and policies are on an individual institutional basis. At Purdue University, the ADA
coordinator is the director of the Office of Institutional Equity to make sure that the university
complies with all of the policies put into place by the federal regulations listed above and enforces
them as well. The university also has a Disability Resource Center (DRC), which is the agency
responsible for providing services, resources, and programs that enable impaired students to
8

participate fully in academic and co-curricular activities (Disability Resource Center, 2022). They
work to detect and remove obstacles to access ahead of time, to encourage inclusiveness, and to
reduce the need for specific accommodations, but also do provide those individual
accommodations when they are needed. With all of these policies in place surrounding people with
disabilities in academia and the workplace, it would seem to be an easy jump into either area but
their impact in reality can be very different.

Section 1.6: Impact of Inclusion in Education and the Workplace
Although we see all of these policies and regulations in place locally and federally, there
is still a lack of diversity with regards to persons with disabilities in academia and the workplace.
Last year, PhD graduates in the domains of science, technology, engineering, and mathematics
(STEM) were under-represented among early-career researchers with disabilities. Although 25%
of people in the United States have a disability, those with impaired hearing or vision obtained just
4% of STEM PhDs in 2020, and those with mobility issues received only 1% of STEM PhDs. In
an article by Kendall Powell in Nature, he sits down with three students in academia, specifically
graduate and PhD students, to talk about the issues they have seen regarding current accessibility
and accommodation. According to them, academic institutions have a difficult time
accommodating persons with disabilities. Some individuals believe that having a disability is a
luxury, but disabled students want equity, not equality. There is a limit as to how far
accommodations can go with regards to equality. With equity, however, all students have equal
access to facilities and education (Powell, 2021). Students are frequently expected to advocate for
themselves with instructors, mentors, and the disability office, which requires time, effort, and
energy. Trying to locate people who care about their interests and who are willing to advocate for
them is a difficulty because of the ableism they experience in academics but finding those people
can help them overcome those challenges.

The Disability Resource Center was mentioned in the previous section briefly as a means
to encourage inclusiveness and reduce the need for specific accommodations, but the process to
get accommodations through the DRC can be complicated however. According to interviews with
undergraduate students with a disability at Purdue, they were not informed that Purdue even had a
DRC when they were a freshman at the university. Once having a meeting with an academic
advisor about the accommodations that they might need to be successful during their time on
campus, they were redirected to the DRC to get these accommodations put in place. After being
put in touch with a disability resource specialist at the center, they had a meeting about their
specific disability and the handicaps that they could potentially face in a standard classroom or
9

laboratory. The specialist then gave a list of the accommodations they could provide and wrote a
letter that states and authorizes these accommodations legally through the policies set in place at
the university and ADA. This is a letter the student has had to use throughout their time at Purdue,
always needing to provide this letter whenever requesting accommodations for their courses
instead of the DRC providing the accommodations on their behalf (Personal Communication, April
11 2022). They found that accommodations were easier to implement in larger courses compared
to smaller ones, and that faculty teaching liberal arts courses were more accommodating compared
to the ones teaching STEM courses. Faculty cite intellectual property concerns behind not
recording their lectures and posting them online to accommodate students, but they did not seem
to provide accommodations in other ways or believe that this student needed accommodations
until they were forced to provide them with the letter (Personal Communication, April 11 2022).
If it is this hard to get the accommodations that these students need to be successful in their work,
it might contribute to why the number of students who move on to higher education dwindles as
they move on. According to the 2020-21 annual report from the DRC, the number of undergraduate
to graduate students drastically declines from 2644 to 298, and then declines even more to 74 when
pursuing a professional degree (Disability Resource Center, 2021). If steps are taken to educate
the community on the needs of people with disabilities and the challenges they face, then the
changes needed can be implemented and the goal of inclusivity can be achieved.

Section 1.7: Stigmas in the Workplace
One of the goals of the Ameicans with Disabilities Act passed in 1990 was to change the
general public’s attitudes and to facilitate the inclusion of persons with disabilities. The
combination of the Americans with Disabilities Act and the Independent Living Movement helped
persons with disabilities live more fully and integrate into society. However, persons with
disabilities can still be stigmatized. In certain cases, fault or blame of the disability is attributed to
the person with the disability, leading them to internalize the stigma. A business executive at a
boi-technology company, and a person with a mobility disability stated in an interview that a lot
of challenges that persons with disabilities face are internal (Personal Communication, March 23
2022). It’s also been proven in studies that persons with a disability had higher levels of perceived
stigma than those without a disability (Society for Disability Studies, 2004). While most
companies prohibit employment discrimination for persons with disabilities under federal law, and
many companies require diversity training, this does not completely diminish the stigma. In fact,
in response to the stigmatization, people may just ignore the stigma, or ignore the person with the
stigma. Neither response is conducive to positive social results (Society for Disability Studies,
2004). During an interview conducted for this study, a person with a disability said that they can
sometimes have a negative experience while talking to superiors because they don’t look disabled
or have an obvious impairment. Accommodations can be denied or take a long time to go through
because of this (Personal Communication, April 6 2022). It is obvious stigmas can be applied to
people with obvious disabilities, but different challenges exist to this without obvious disabilities.
In section 1.5 above, “Policies Surrounding PWD Employment”, affirmative action and
Corporate Social Responsibility, or CSR was discussed in different types of companies. Not all
CSR business models include a PWD section or initiative, and not all diversity training that are
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mandatory at some companies include PWDs either. In fact, although 90% of companies claim to
prioritize diversity, only about 4% include initiatives about people with disabilities (Casey, 2021).
According to a student with a disability interviewed for this project, affirmative action helped them
because they received a research fellowship to promote graduate student diversity, however
another student interviewed said that they had no experience with affirmative action at their
institution. However, both of them mentioned it would be helpful for other peers to understand
stigmas that people with disabilities face, both in academic and in professional settings. A civics
class on diversity that includes accessibility could be beneficial to reducing stigmas (Personal
Communication, April 6 2022) (Personal Communication, April 11 2022). In a professional
setting, in addition to regular employment, there are several types of employment models for PWD
that could be more widespread if made a priority. These models vary according to type of financing
and degree of integration. Some models include operating sheltered work centers, or offering
separate work opportunities for PWD. The table below shows an overview of measures to promote
the employment of disabled persons in companies that can be implemented into a CSR strategy
(Miethlich, 2018). Additional mandatory diversity training that includes disabilities may also work
to decrease stigmas.

Table 2. Measures as Elements of CSR Initiatives to Promote the Employment of PWD in
Companies (Miethlich, 2018)

Section 1.8: Barriers to Career Advancement
According to a news release in 2020 by the U.S. Bureau of Labor Statistics, almost half of
all persons with disabilities who are unemployed reported some barrier to employment, including
their own disability, lack of education or training, lack of transportation, and the need for special
features at the job. However, among those who were not in the labor force, 88.6% had worked
previously. Additionally, about half of persons with a disability who were employed reported
having difficulty completing job tasks, 27.8% reported a little difficulty, 19.2 reported moderate
difficulty, and 6.9% reported severe difficulty (U.S. Bureau of Labor Statistics, 2020). See the
table below regarding demographics of those who had barriers to employment. Barriers to
employment include lack of education or training, lack of job counseling, lack of transportation,
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loss of government assistance, need for special features at the job, employer or coworker attitudes,
own disability, and others.

Table 3. Persons with a disability who were not employed by age, sex, educational, prior work
experience, and barrier to employment (numbers in thousands) (U.S. Bureau of Labor Statistics,
2020)
Additionally, in a recent survey conducted by the authors of this report, a question was
asked about how people with disabilities face academic or career advancements that those without
disabilities do not face. 23.57% of people said that people with disabilities had increased barriers
regarding mental stress associated with living with a disability and work requirements, and 22.29%
said that people with disabilities face barriers receiving the appropriate work accommodations
(Purdue IE 490/BME 495 online survey, 2022). This supports the data seen in the table above and
from U.S. Bureau of Labor Statistics, saying that many people with disabilities face barriers such
as the need for special features on the job, and stress of living with a disability, such as a lack of
transportation. See the graph below for the survey responses.
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Figure 6. Survey Responses to the Question “In which ways do you believe PWDs face
barriers transitioning from academia to employment/higher education in the STEM field?
(applicable to academic and employment) (select all that apply)”

Section 1.9: Conclusion
Current STEM pedagogical practices and pathways do not adequately prepare students
with disabilities for future careers. It is seen that accommodations are more common, but can still
be inadequate in education, and many barriers exist for career development. Because PWD can
make the choice of choosing to pursue a certain career path or not due to a stable government
support, providing them the right motivation, mindset, and resources early on to pursue STEM
careers can make a difference in their decisions. However, one has to understand that making this
decision is not as simple as just motivation and mindset: people with sevre disabilities have to
consider challenges, cost, reliance on caretakers and other variables as well. The main
recommendation is to promote more understanding and trust about PWD and their corresponding
accommodation among teaching faculties. A clear understanding and trust can make a PWD
learning experience less difficult. Other recommendations in secondary education to improve
accessibility experiences are improving lab instructor training to better accommodate students with
disabilities, providing guidance to students with disabilities to overcome learning obstacles,
developing internships and summer training programs to provide accessible lab experiences to
help students with disabilities to overcome any lags in education, including virtual simulations and
lab demonstrations to simulate ‘hands-on’ learning, and disseminating best practices for engaging
students with disabilities. Additionally, including a mandatory civics class all students would take
during secondary education about people with disabilities, specifically in the workforce could help
reduce stigmas and career barriers that PWD face.
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Chapter 2: Learning Environments and
Pathways to Support STEM Success for
Student with Disabilities
Daniel Hrvojevic, John Jogopulos, Joseph Ching, Lauren Ho, Shreyas Varathan

Section 2.1: Introduction
Science, Technology, Engineering, and Math (STEM) is a growing field of research and
study amongst college students but pathways are not always accessible to minority groups
(Kricorian et al., 2020). People with disabilities (PWDs) are a large minority group that maintains
a broad set of varied barriers. Those that fall into this category may have physical disabilities or
cognitive impairments. The severity of said disability can also vary significantly. PWDs can face
substantially different levels of difficulty as well. It stands to reason that these individuals require
considerations that persons without disabilities would not require. Physical accessibility such as
ramps instead of stairs and learning support in the way of teaching aids are two examples of
solutions that are currently utilized. Specifically, the pedagogy, or learning practices, broadly
utilized for PWDs are not adequate to prepare these individuals for professional or higher level
environments. In fact, critical pedagogy of “disabled groups” is often omitted within the American
public education system (Erevelles, 2000). These methods must be improved to benefit students
as well as industries with a new pool of talent to utilize. The evidence suggests that changes are
required now (Erevelles, 2000). Therefore, current pedagogical approaches and pathways in
STEM, do not adequately prepare students with disabilities for future careers.

Section 2.2: Teaching Best Practices
To better serve students with disabilities, inclusive teaching practices have been
implemented in general and special education that accommodate the needs of students. The three
main techniques include universal design in learning, accommodations and classroom
management. Universal Design for Learning is a framework aimed to address students' learning
needs regardless of disability. With UDL, information is presented through multiple means of
representation, multiple means of expression and multiple means of engagement. A study with
postsecondary students found that the UDL framework helped address the learning needs of
students with disabilities, particularly the third principle of multiple modes of engagement (GrifulFreixenet et al., 2017). There were limits to the “universality” of UDL as some learners did not
benefit from the “one-size-fits-all” approach. For instance, receiving all materials online ahead of
class led to more passivity and less attendance in class (Griful-Freixenet et al., 2017).
The study suggests pairing UDL with personalized accommodations which are available
to be requested in most higher education institutions in the U.S. through disability resource centers.
When working within pre-existing systems, accommodations are essential to providing an
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inclusive environment for students with disabilities. The Individuals with Disabilities Education
Improvement Act, passed in 2004, mandates all students with disabilities receive a “free
appropriate public education in the least restrictive environment” (IDEIA, 2004). All children from
age 3 to graduation who receive special education services are required to have an Individualized
Educational Plan or IEP (Access Services, n.d.). The IEP is developed and revised annually by a
team of parents, teachers and the student to outline specific accommodations, goals and processes
to help the student succeed. An example of the positive effect of accommodations is states with
more than 20 accommodations on state standardized tests have an average of more than 30% higher
participation rate for students with disabilities than states with 20 or fewer accommodations (Cox
et al., 2006). In a post-secondary environment, the IDEIA no longer applies, and students are
protected by the Americans with Disabilities Act of 1990, an act that ensures equal access to
opportunities and protects against discrimination based on disabilities. The responsibility rests on
the K-12 school to ensure student success, whereas in higher education, the responsibility rests on
the student to request accommodations.
Still, accommodations are successful in increasing participation and student success. The
National Insurance Institute in Israel funded accommodations for students with disabilities
beginning in 2008, and a study in 2013 found that accommodations positively correlated with
GPA, number of courses taken in a year, participation in student activities, self-assessed
satisfaction with participation, and student perceptions of the institution as a facilitating
environment (Schreuer and Sachs, 2014). The positive effects of accommodations in increasing
student engagement show it is best practice for both K-12 and higher education settings.
Classroom management can provide a stable environment and encourage positive
behaviors for students with disabilities. Many students with behavioral disorders benefit from a
structured environment with predictable rules and routines (National Science Teaching
Association, n.d.). Instructors can create token economies that consistently and promptly reward
good behavior. Likewise consequences for misbehavior should be pre-established and
administered immediately. The National Science Teaching Association suggests to reward more
than punish to build students’ self-esteem. Depending on the student, the teacher may need to be
more active in monitoring so students with disabilities are included in group work or discussions.
Using affirmative language and acknowledging the contributions of students with disabilities,
reinforces their agency over their learning. Establishing structure from day one not only helps
students with disabilities, but all students.
One of the main challenges to widespread implementation of inclusive teaching practices
is the research-to-practice gap in education. Research findings are typically reported in technical
paper written for an audience with an advanced training in research and statistics and conducted
by researchers who are not currently involved in classroom teaching. General and special
education teachers rated they found literacy pedagogy information reported by other teachers was
significantly more useful than when presented in a research paper (Landrum et al., 2007). To better
disseminate research findings, the team suggests researchers use teacher anecdotes and storytelling
to share research-based practices and how they are used in the classroom. This is teachers’
preferred method of receiving information and draws on Shermer’s (2007) model of research
dissemination requiring data, theory, and narrative.
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An interview with a high school paraeducator illuminated the logistical challenges of
special education in K-12 settings (Interview, March 8, 2022). The load of developing and
following IEPs often falls on general educators, as about 60% of special education students spend
most of their time in general education classrooms (College of Education, 2022). Many general
educators are resource-strapped, and each student requires significant time and relationshipbuilding. When special educators are available, there may be conflict on who is responsible for a
student with special needs. This interviewee expressed some difficulty working with general
educators with less experience with students with disabilities. General educators may not have had
significant experience with special education students or training in pre-service programs, creating
a gap in understanding of students’ needs. A study found that training that emphasized asset-based
judgements with students with disabilities resulted in more special education services delivered in
the general education classroom (Jorgensen, McSheehan, & Sonnenmeier, 2007). The team
recommends all pre-service programs expose teachers-in-training to students with disabilities and
learn special education best practices. Purdue University’s pre-service program is a model case
with required coursework on special education and an optional concentration in Special Education
(College of Education, 2022). Pre-service training would equip future generations of teachers how
to create inclusive learning environments and coordinate with special education specialists.
Referring to the different philosophies of the law between K-12 and higher education,
students must jump from an environment where they are entitled to a free appropriate public
education, to an environment where they are responsible for achieving success in an equal access
institution. This may be difficult for many students, especially if their IEPs do not have a
substantive transition plan. A review of 212 IEPs found that the majority of them had limited
amounts of research-based transition practices to postsecondary education and employment
(Landmark and Zhang, 2013). This is concerning as many students with IEPs would continue to
benefit from personalized accommodations in university. Students with “invisible” disabilities
such as psychiatric and learning disabilities, may fear reporting their disabilities as they must selfdisclose their disability before receiving potential accommodations. A student who is visually
impaired noted that it may be difficult for him to determine all the accommodations he needs in a
new environment like an internship without being familiar with the space (Interview, March 17,
2022). We recommend all IEPs have a robust transition plan that details what accommodations
students should request in a higher education and work setting, their protections as an adult, and
information and implications of self-disclosing a disability. This may help students make informed
decisions after they graduate secondary school, reduce the stigma of disclosing a disability and
support students in thriving in their future endeavors

Section 2.3: Skills Coaching
Students with disabilities are often underrepresented in the field of STEM (science,
technology, engineering, mathematics). This is also true in the laboratory setting. One of the
reasons for this phenomenon is the lack of instructor training (Fairfax and Brown, 2017). A study
conducted on why STEM students often switch out of their STEM majors indicated that most of
the students have found difficulties receiving help from instructors and found difficulties learning
from STEM instructors, often resulting in a loss of interest in their disciplines (Fairfax & Brown,
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2017). In addition, another study found that the environment, which includes but is not limited to
the attitude of the lab instructor and the students’ comfort in which lab courses are taught, was a
major factor in both retaining and understanding learning concepts (Fairfax & Brown, 2017).
Consequently, students who experienced frustration and stress in laboratory settings often had a
decreased interest in their STEM discipline. This could play a major role in why students with
disabilities often feel excluded from laboratory settings (Batty & Reilly, 2022).
Laboratory instructors cannot assume prior knowledge of teachings in the laboratory, and
they should provide additional methods for learning and practice (Batty & Reilly, 2022). Thus,
specific instructor training in teaching students with disabilities is critical in changing this trend.
Instructors should be trained to engage with the students in a way that demonstrates inclusivity
and support. In a recent study, students reported that they felt at ease when their trained instructors
were willing to help them without explicitly asking them about their specific disabilities (Fairfax
& Brown, 2017). These students also felt positive about their learning experiences and their
instructors when this concept was emphasized. When students with disabilities have a positive
experience in learning, they, in turn, will perform better in the academic setting. They will also
feel empowered. Furthermore, this type of instructor training will lead to an increase in interactions
between lab instructors and students, and the implementation of a more interactive/hands on
experience.
One implication of understanding these barriers towards developing a more inclusive
curriculum in laboratories is that lab instructors may often not recognize that there may be
individuals with a disability in their laboratory. It is highly important to consider the needs of all
students in the laboratory to ensure each student is equipped with an adequate number of resources
for learning. It is also important to understand the resources available to those who need it. In an
interview conducted with a former Purdue University biomedical engineering laboratory teaching
assistant (Interview, April 4, 2022), it was noted that neither of the teaching assistant’s two lab
sections contained any students with a disability. Since no students with a disability were present,
the teaching assistant had never considered checking Purdue’s Disability Resource Center (DRC)
to learn more information about the accommodation and resources the DRC could provide
students. Within the U.S, approximately 11% of students between ages 12-17 receive services
classified under the Individuals with Disabilities Education Act (IDEA) (Love et al, 2020). In order
to provide appropriate methods to teach students in laboratories, lab instructors must be properly
trained to work with students of varying abilities.
To best accommodate students with disabilities in a hands-on laboratory setting,
accommodations specific to the students' needs as well as universal design strategies should be
implemented. These accommodations will aid in providing a classroom and work area that is user
friendly to all students based on their specific strengths, needs, and learning preferences. In a recent
study, we conducted a survey to gather informational data on the impact of the PWDs within the
STEM fields. As displayed in figure 2.1, the results found that different individuals have different
learning style preferences (Purdue IE 490/BME 495 online survey, 2022). Therefore, it is critical
for the lab instructor to understand a student’s specific learning style so that he/she can assist the
student in customizing a curriculum or a learning plan. It is equally important for the instructor to
understand the student's specific disabilities so that a customized teaching model can be developed
to accommodate the student.
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Section 2.4: Lab Instructor Training
Students with disabilities are often underrepresented in the field of STEM (science,
technology, engineering, mathematics). This is also true in the laboratory setting. One of the
reasons for this phenomenon is the lack of instructor training (Fairfax and Brown, 2017). A study
conducted on why STEM students often switch out of their STEM majors indicated that the
majority of the students have found difficulties receiving help from instructors and found
difficulties learning from STEM instructors, often resulting in a loss of interest in their disciplines
(Fairfax & Brown, 2017). In addition, another study found that the environment, which includes
but is not limited to the attitude of the lab instructor and the students comfort in which lab courses
are taught, was a major factor in both retaining and understanding learning concepts (Fairfax &
Brown, 2017). Consequently, students who experienced frustration and stress in laboratory settings
often had a decreased interest in their STEM discipline. This could play a major role in why
students with disabilities often feel excluded from laboratory settings (Batty & Reilly, 2022).
Laboratory instructors cannot assume prior knowledge of teachings in the laboratory and
they should provide additional methods for learning and practice (Batty & Reilly, 2022). Thus,
specific instructor training in teaching students with disabilities is critical in changing this trend.
Instructors should be trained to engage with the students in a way that demonstrates inclusivity
and support. In a recent study, students reported that they felt at ease when their trained instructors
were willing to help them without explicitly asking them about their specific disabilities (Fairfax
& Brown, 2017). These students also felt positive about their learning experiences and their
instructors when this concept was emphasized. When students with disabilities have a positive
experience in learning, they, in turn, will perform better in the academic setting. They will also
feel empowered. Furthermore, this type of instructor training will lead to an increase in interactions
between lab instructors and students, and the implementation of a more interactive/hands on
experience.
One implication of understanding these barriers towards developing a more inclusive
curriculum in laboratories is that lab instructors may often not recognize that there may be
individuals with a disability in their laboratory. It is highly important to consider the needs of all
students in the laboratory to ensure each student is equipped with an adequate amount of resources
for learning. It is also important to understand the resources available to those who need it. In an
interview conducted with a former Purdue University biomedical engineering laboratory teaching
assistant (Interview, April 4, 2022), it was noted that neither of the teaching assistant’s two lab
sections contained any students with a disability. Since no students with a disability were present,
the teaching assistant had never considered checking Purdue’s Disability Resource Center (DRC)
to learn more information about the accommodation and resources the DRC could provide
students. Within the U.S, approximately 11% of students between ages 12-17 receive services
classified under the Individuals with Disabilities Education Act (IDEA) (Love et al, 2020). In order
to provide appropriate methods to teach students in laboratories, lab instructors must be properly
trained to work with students of varying abilities.
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Figure 2.1: Survey Question Regarding Learning Style Preferences
To best accommodate students with disabilities in a hands-on laboratory setting,
accommodations specific to the students' needs as well as universal design strategies should be
implemented. These accommodations will aid in providing a classroom and work area that is user
friendly to all students based on their specific strengths, needs, and learning preferences. In a recent
study, a survey was conducted to gather informational data on the impact of the PWDs within the
STEM fields. As displayed in figure 2.1, the results found that different individuals have different
learning style preferences (Purdue IE 490/BME 495 online survey, 2022). Therefore, it is critical
for the lab instructor to understand a student’s specific learning style so that he/she can assist the
student in customizing a curriculum or a learning plan. It is equally important for the instructor to
understand the student's specific disabilities so that a customized teaching model can be developed
to accommodate the student.

Section 2.5: Virtual Simulations and Labs
Virtual simulations have been investigated and have shown that they have equal or more
effective learning outcomes than passive media like lectures, videos, and textbooks, along with
hands-on laboratories. The use of virtual laboratories can be used as a complimentary option to
traditional practices, and can even be more beneficial when used in parallel with these practices.
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However, insufficient knowledge is available to suggest that virtual labs have an effect on skillbased outcomes like physically using a micropipette or completing a titration procedure (Chan et
al., 2021).
In the past ten years, virtual laboratories have increased greatly in popularity due to their
ability to provide an interactive environment even when physical laboratory resources are lacking.
An example of this is the Virtual Science Lab (VSL) developed for schools in Saudi Arabia. This
database allows students to collect real data from instruments that are controlled remotely, and
explore multiple outcomes by changing certain variables. The Virtual Science Lab was originally
developed to be a cheaper and more efficient alternative to conducting hands-on science labs, but
the scope of its use can be expanded to being a tool to make science labs more accessible (Aljuhani
& Khulood, 2018).
Both Virtual Labs (VLs) and Hands-on Labs (HOLs) are great tools for learning in the
laboratory space, but each contributes to learning in different ways. One difference is that in HOLs,
students focus on the physical interactions with laboratory equipment and the outcomes associated
with those interactions whereas in VLs, students tend to learn more about the variables that are
used in a certain experiment and how changing those variables affects the outcome. Therefore,
VLs are more effective when dealing with the theoretical aspects of a science laboratory, but can
be ineffective in terms of the hands-on, skill based aspect of learning that is also acquired in science
labs. This is supported by the study completed on the VSL database mentioned above. It was found
that students who used VSL for a certain experiment were able to understand the theoretical
concepts, objectives, and results (Aljuhani & Khulood, 2018). In a separate study on virtual
chemical laboratories, virtual laboratories were more beneficial than traditional approaches to
learning when the students had to think and apply chemical reasoning to solve the problems. It
allowed the learner to gain a deeper understanding of the subject at hand (Chan, et. al, 2021).
One challenge for virtual labs is their limited utilization in STEM classrooms. A student
with a visual impairment was interviewed, and stated that he never had experience with a virtual
lab that was accessible. During the COVID-19 pandemic, many of his civil engineering labs were
recorded but not voiced over. He still required a lab assistant to describe the lab for him like
physical labs (Interview, March 17, 2022). For virtual simulations and labs to have a greater
impact, they must be created using a universal design philosophy and widely implemented by
STEM labs. An additional drawback to virtual labs stems from the differences that are present
comparing virtual and hands-on labs. From the survey, most people who participated in virtual
labs said that the labs were significantly different from the real thing and did not really learn
anything significant from them (Purdue IE 490/BME 495 online survey, 2022). The data that
supports this claim could be seen in figure 2.2. Despite these results, it is important to note that
there is variation among virtual lab databases in terms of quality as well as the fact that the students
who responded most likely participated in virtual labs that were quickly made up due to the
pandemic. In order for virtual simulation to be effective, the labs must be comparable to the real
thing. This however can be difficult since there is not a gold-standard alternative to hands-on
learning. In a study conducted by the University of Chicago in 2015, researchers discovered that
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students who physically experience the material they are learning understood it more and
performed better on examinations. This is because physical experiences are more likely to activate
the sensory and motor areas of the brain when the student thinks about that specific topic. The
study also found that students who had physically experienced a lesson earned grades that were 7
percent higher than students who had only observed the lesson (Ingmire, 2015). This study shows
that physically experiencing a lab or lesson significantly improves understanding. This
understanding is lost in virtual labs, and trying to simulate these experiences are challenging.
One potential solution that can increase accessibility in STEM labs is virtual and
augmented reality technology. VR and AR are good options because the user can be immersed
into the lab setting while not actually being there. It would allow labs to be virtual, but would also
provide the hands-on feeling of physically conducting an experiment in a lab. This is the next step
of virtual simulation of laboratories, and it is promising due to the fact that this technology can be
used to simulate a lab as close as possible to the real thing. One unknown is still the fact that skills
based learning may not be affected since it still is a simulation. However, as long as VR and AR
virtual labs can produce a similar experience to a real lab, theoretical learning can take place.

Figure 2.2: Survey Question Regarding Students’ Experiences with Virtual Laboratories

Section 2.6: Internships and Training Programs
Internships and research are essential in indulging students in STEM in a workplace
environment and giving them the much needed experience of how concepts learnt in class are
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implemented in the outside world. These include gaining hands-on experience, challenging oneself
to overcome obstacles, and gaining support from mentors and peers (Takahashi et al., 2018).
However, many students in STEM with both mental and physical disabilities are likely to face
some form of difficulty in obtaining such opportunities. To remedy this issue, the idea of having
programs that will specifically cater to these students has gained traction in the last several years.
There are currently several internship and training programs geared towards helping
individuals with disabilities to gain experiences they would otherwise have difficulty achieving.
One example of such a program is the Pacific Alliance Internship based in the University of
Hawaii. This program is meant to help with many of these students’ interpersonal skills such as
improving social, organizational, time-management skills when it comes to both applying for postsecondary school, and obtaining an internship during college (Takahashi, K. et. al, 2018). Prior to
its creation, programs such as Pacific Alliance were indeed very successful in recruiting high
school students in college, but failed in providing these same students in obtaining internships. Out
of the 136 participants in the prior program, only two were able to obtain internships. One of the
primary reasons for this discrepancy can be attributed to the severe lack of confidence amongst
these students, hence was the reason for the creation of Pacific Alliance Internship. Improving
interpersonal skills have been shown to mitigate this issue by helping individuals interact with
others in a meaningful way, particularly when it comes to enhancing one’s career in attaining a
job.
Another program that also aids students with disabilities in obtaining internships and
research opportunities is Alliance for Access to Computing Careers (AccessComputing), which
specifically focuses on college students in the field of Computer Science. The program staff will
work with both the students and advisors to find ways to find accommodations that are appropriate
to the individual’s needs. This program also helps in recruiting employers and faculty for job
shadowing, helping to gain research experience, and other activities that will increase the chances
of gaining work-based expertise. This program has been very beneficial as over 190 students were
placed in internships in both research and industry (Washington, S. B. U. of, Burgstahler, S.,
Washington, U, 2012). The lack of representation amongst students with disabilities in this area is
the rationale for increasing these programs specifically catered towards these people.
In addition, there were also a couple of anecdotal statements amongst students in STEM
with disabilities and their opinions on incorporating internship and research programs specifically
catering to them. One student who is visually impaired described his engineering camp experience
offered by the National Federation of the Blind as playing a pivotal role in his decision to go into
civil engineering (Interview, March 17, 2022). The camp was designed for those with visual
impairments with tactile backboard for drawing, Braille rulers for measurement, and information
presented in various formats. The student responded he would prefer internships to be designed
for people with disabilities rather than a general internship that he would need to request
accommodations for. He expressed a concern that he may not think of all the accommodations
needed in a workplace setting and skepticism that he will receive all accommodations requested.
This idea was also professed by another student majoring in an engineering degree with ADHD
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(Interview, March 18, 2022). He stated that he will likely face some further obstacles such as
falling behind on certain tasks and losing focus easily. Hence, there is a fear that he will be seen
as a liability to everyone else working if selected for an internship that does not have any specific
accommodations for him and others in a similar situation. Furthermore, there is also skepticism of
not being able to obtain an internship or other similar opportunities in the first place, putting further
emphasis on the need for having programs that will provide opportunities specifically for students
in STEM with disabilities.
When it comes to potential solutions to this issue, the following can be summarized. Based
on the successes and potential prospects that internship and research recruitment programs such as
Pacific Alliance Internship and the Access Computing will give, as well as the opinions of students
in STEM with disabilities from interview, it is imperative that more programs of the same caliber
are created in institutes across the country focusing in STEM. This will in turn help these students
gain real world experiences in their respective field of study and increase the opportunities for
them to be prospective in their careers.

Section 2.7: Conclusion
Examining the STEM learning environment, it is apparent that current STEM pedagogical
practices and pathways are insufficient in preparing students with disabilities for future careers in
the STEM field. Lab instructor training, skills coaching, internship programs, virtual labs, and
teaching best practices all have gaps which make pedagogical practices dissatisfactory. Changing
the STEM field to fill the gaps mentioned above is necessary, but a barrier exists in terms of an
unwillingness to act upon these accessibility requests. This barrier can be catastrophic for the
future of STEM and inclusivity for people with disabilities as it can turn people away from the
field. If the aforementioned barrier is avoided, changes such as making specific accommodations
for specific needs as well as universal design strategies could improve lab instructor training. New
technologies like virtual and augmented reality could be implemented to make virtual labs feel
more authentic. In addition, internship and training programs specifically designed for students
with disabilities would be beneficial by providing real-world experiences as well as professional
development programs. These potential solutions should be strongly considered to improve the
pedagogical practices that are sub-par.

Chapter 3: Physical Accessibility of STEM in
the Lab, Classroom, and Field
Kendra Beaton, Myriam Hrosz Julia Iglesias, Soham Joshi, Saichandana Pothireddy
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Section 3.1: Introduction
Although advancements have been made to include people with disabilities (PWDs) in
higher education settings, there still comprises a subgroup of students who face various
institutional and physical barriers. The rate of enrollment for PWDs has increased over the years
but is still lower than that of students without disabilities (Cook et al., 2009). According to the
National Center for Education Statistics, only 18% of the Bachelor’s Degrees awarded in 2015-16
were in Science, Technology, Engineering, and Mathematics (STEM) (Indicator 26: STEM
Degrees, 2019). Another study reported approximately 4.3% of students with disabilities in postsecondary education pursue a career within STEM (McDaniel et al., 1994). The STEM field is
known for its difficult curriculum, and an already rigorous course can become more difficult for
PWD who encounter additional personal and physical barriers in higher education.
Based on an initial survey, many physical factors were found to be a challenge for PWDs
such as classroom lighting, lack of backrests on laboratory stools, and bench height (Purdue IE
490/BME 495 Online Survey, 2022). The most recurring themes regarding the physical
accessibility of STEM during interviews, within literature, and from the survey were laboratory
architecture, equipment available in laboratories, circumstances surrounding fieldwork, classroom
accessibility, and the use of service dogs. This section outlines major difficulties within each of
these recurring themes, as well as recommendations for possible solutions.
Section 3.2: Laboratory Architecture
The Americans with Disabilities Act (ADA) is a legal framework in the United States that
guides the general design of buildings to accommodate a variety of different disabilities such as
mobility, vision, hearing, and motor control, just to name a few. However, ADA standards mainly
apply to fixed building elements and do not generally cover moveable elements and furnishings
except for work surfaces (Ellis, 2021). Therefore, laboratories in the higher education setting, in
general, tend to fail to meet design specifications that better accommodate people with physical
disabilities. Furthermore, STEM careers are currently growing at an exponential rate in the
economy, and even non-science majors are required to do at least one science credit in a laboratory
setting in postsecondary education (Pence et al., 2003). Many studies have shown that hands-on
participation in laboratory activities is vital to success when pursuing a STEM-based career.
A report suggested that only 4.3% of postsecondary students with disabilities in the United
States pursue the natural sciences as their field of higher education (McDaniel et al., 1994). This
small fraction of students with disabilities in STEM can be attributed to the lack of inclusion and
accessibility to scientific education where laboratory environments primarily stand as a major
barrier for these students. This minimizes the exposure to science education for these students
which in turn reduces the opportunities for young people with disabilities to develop an interest in
the field. The physical structure of laboratories is generally extremely unwelcoming and
inaccessible to people with physical disabilities. In a recent survey conducted by the authors of
this report (see methodology), in which PWDs were asked about the biggest physical barriers they
faced, 17.65% of the responders mentioned that the layout of the lab and seating were a major
point of inaccessibility in a laboratory. Additionally, 13.24% of responders struggled with bench
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heights, while 16.18% of the responders mentioned both grabbing and moving objects as another
physical challenge in these settings (Purdue IE 490/BME 495 online survey, 2022).

Figure 3.1: Different physical barriers faced by PWDs in a STEM laboratory setting from the
survey conducted by the team (Purdue IE 490/BME 495 online survey, 2022)
In general, inaccessibility in the laboratory spaces stems from high workbenches, lack of
backrest and padding on the high stools, narrow corridors and alleys, difficult to reach cabinets as
well as safety equipment such as eyewash stations, faucets for sinks, gas connections, power
outlets, and fume hoods. Any person who is in a wheelchair or is unable to stand for a long period
seems to be posed with the most difficulty due to the architecture of the lab. An interviewed Purdue
student with a chronic tissue disorder mentioned that they developed further spinal cord and
tailbone injury from sitting on the lab stools for an excessive period, and they constantly struggled
to focus and complete lab activities due to the unforgettable pain they endured from sitting on a
stool without a backrest, as they still had to support their torso when using the lab stools (Personal
Communication, March 25, 2022).
In addition, access to laboratories itself is a major challenge for PWDs and is often
overlooked in the design. Inaccessible entrances without ramps or adequate space to navigate a
wheelchair at the entrance are commonly faced by PWDs. In cases where there are entrances with
ramps, the accessible signs are either posted at a much higher line of sight making it challenging
for a person in a wheelchair to notice, or are posted in a hidden area or are not posted at all (Jeannis,
2018). When a former Purdue student with a disability who was a wheelchair user was interviewed,
a major pain point he mentioned was the amount of time it would take him to find an accessible
entrance. He would end up missing a significant portion of the class at the beginning of the
semester as the signs were either too small, on the other side of the building, or non-existent in
some cases (Personal Communication, March 4, 2022). Another significant challenge faced by
PWDs is the opening of entrance doors and the small size of entranceways. In cases where the
door is not automated, the action of using the door handle and the weight of the door can limit
accessibility. (Jeannis, 2018).
To address this gap, the concept of universal design has emerged in recent times. It is a
methodological approach to designing products and environments such that it can be maximally
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used by all people without often needing to adapt the design specifically for PWDs (Center for
Universal Design, 1997). Some design changes that have been recommended following these
guidelines are adequate aisle width which allows for up to 360-degree turns in a wheelchair,
sufficient knee to toe clearance, flexible-height work stations, and fume hoods along with
placement of tools on that station being within modest reach of persons on wheelchairs.
Additionally, the placement of furniture and electrical wiring must be such that it does not pose a
tripping hazard or act as an obstacle. Safety equipment such as hands-free eyewash stations,
personal protective equipment, and first aid kits must be placed at an accessible height for people
in wheelchairs. The laboratory color palette and design for benches and walls must also account
for various sensory needs such as color blindness by ensuring sufficient color contrast. Also, there
should be multiple mechanisms of safety alarms such as flashing lights and text to account for
people with visual and hearing disabilities. An attempt to make such an accessible laboratory was
made at Purdue University called the Accessible Biomedical Immersion Laboratory (ABIL) where
they created an open floor plan, mobile workstations, accessible hoods and benches, and addressed
safety concerns, as seen in Figure 3.2 below. Furthermore, entrances to laboratories must be made
more accessible by installing ramps, posting clear signage that points to the accessible entrance on
all sides of the building, and designing wide entranceways with automatic doors. However, further
research is necessary to implement specific integrated accessible solutions within all laboratories
to ensure that the architecture is welcoming to PWDs.

Figure 3.2: An example of an accessible work triangle of frequently used lab spaces including
the fume hood, lab bench, and lab sink (Hilliard et al., 2013)
Section 3.3: Scientific Equipment in Laboratories
While the layout of a laboratory can hinder PWD participation in lab activities, the
scientific equipment that is commonly available in STEM labs can add an additional barrier to a
student’s ability to excel. For example, students with vision impairment can find it difficult to read
weighing scales in the traditional college chemistry lab, and students who have limited hand
dexterity can find it tough to use glassware and other equipment (Neely, 2007). In a survey
conducted by the authors, respondents were asked to indicate if there was any lab equipment that
they found difficult to use. Respondents were able to choose lab equipment from a list (such as lab
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glassware, microscopes, computer screens, color indicators, incubators, syringes, droppers,
scalpels, etc.) or provide their answers. Approximately 12.7% of respondents indicated having
difficulty using equipment that relied on visual acuity (such as a microscope, telescope, or
magnifying glass) while 11.1% reported having difficulty using glassware (Purdue IE 490/BME
495 online survey, 2022), as seen in Figure 3.3. One notable observation is that every piece of lab
equipment in the provided list was selected at least once, indicating that many tools in the lab pose
challenges for students with disabilities.

Figure 3.3: Survey responses about lab instruments that PWDs indicated to be difficult to use
(Purdue IE 490/BME 495 online survey, 2022)
For students with physical disabilities, the addition of adapted equipment has been shown
to greatly enhance a student’s ability to perform laboratory tasks. In one study conducted at the
University of Colorado and Pikes Peak Community College, students with a variety of disabilities
(cerebral palsy, paralysis, low vision, blindness, loss of mobility) were asked to perform tasks in
chemistry, biology, geology, and physics labs (Neely, 2007). The students attempted the tasks
twice, once without any accommodations and once with adapted labware and assistive technology.
One task was to boil a beaker of water using a hotplate, while another task required students to
pour liquid into a graduated cylinder and record the volume, using the setup seen in Figure 3.4.
Modified equipment in the lab was produced and provided by assistive technology companies, and
changes were not made by individuals, as altering existing equipment may result in the equipment
being unsafe for use.
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Figure 3.4: Example of modified equipment for task of pouring liquid into a graduated cylinder;
includes yellow sticky mat, plastic-handled beaker and plastic graduated cylinder with raised
lines, flexible clamping system, and rubber gripper pad to open bottle (Neely, 2007)
Most of the students showed an improvement in performing the tasks and also indicated
greater comfort, while a few students continued to have difficulty performing a specific task. This
may have been due to a lack of existing technology that could address their need. Some of the
adapted labware included plastic beakers with handles, spoons with wider handles, rubber gripper
pads, beaker tongs, sticky mats, textured paints, digital readout devices, detachable displays, and
a Clarity©, which was a magnification camera device that was particularly helpful for students
with limited vision. The digital readout devices were attached to common equipment like hot plates
and temperature probes, and the mobility of the device was useful for students in wheelchairs and
students with visual impairments, as they were able to bring the display closer to a distance that
they could see the reading.
Other studies also indicated that the modification of common lab equipment, such as
microscopes, proved to be beneficial for students with physical disabilities. Rather than using a
standard light microscope, using a projection microscope, in which the object under the lens is
projected onto a larger screen, allowed students with upper limb mobility impairments and visual
impairments to perform light microscopy independently and with greater success, using a setup
similar to Figure 3.5 (Mansoor et al., 2009; Scruggs and Mastropieri, 1994). One Purdue student
with a visual impairment had experience using microscopes that projected images onto a computer
screen, and she conveyed that being able to use a more accessible microscope greatly enhanced
her understanding of concepts in the course she was taking (Personal Communication, March 28,
2022). For students who are blind or visually impaired, tools such as Braille rulers or text-tospeech technology could help students in the lab (Supalo and Mallouk, 2007). Additionally, textto-speech interface tools can also be useful for students that have auditory processing disorders or
learning disorders such as dyslexia.
28

Figure 3.5: Microscope workstation that displays the field of view on a computer and implements
joysticks (D1 and F1) to move the microscope stage and camera (Mansoor et al., 2009)
Although modified equipment proved to be effective in allowing students with disabilities
to accomplish tasks in the lab independently, no single change was able to meet every student’s
needs. In the future, a range of altered equipment and assistive technologies should be available to
increase the accessibility of STEM labs. Modifying lab equipment under guidelines of universal
design, in which the design of an instrument is beneficial to all students, would be ideal. A wide
range of alterations and additions to common lab equipment will result in making the laboratory a
space where students with disabilities can perform tasks independently with greater ease.

Section 3.4: Physical Accessibility of Fieldwork
Fieldwork is a common practice for teaching and training in STEM fields, such as
geosciences, archeology, astronomy, and countless others. Fieldwork is considered any hands-on
activity within a subject not enclosed by the four walls of a regular classroom setting. One study
reported that 89.5% of geoscientist respondents agreed that fieldwork is a fundamental requirement
in an undergraduate degree (Petcovic, 2014). Although considered of extreme importance to the
geoscience curriculum and professional training, it is a challenge for PWDs. Barriers could include
anything ranging from transportation to the site, guidance and orientation in the field, and
overnight stays in some cases. Recent efforts have been made to counteract these real and
perceived barriers in geoscience disciplines by the International Association for Geoscience
Diversity (IAGD) (Chiarella, 2020).
A few institutions have made the extra investment to guarantee all students and members
are included in this important experience. For instance, Berkeley University has created a virtual
field experience (VFE) called the EPICC Project. Initially, there was some pushback against going
online, but VFE has become somewhat of a common practice due to the COVID-19 pandemic.
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Other technological advances have also allowed the collaboration of PWD with non-disabled
students in areas that are difficult to reach. For instance, mobile Wi-Fi hotspots, iPads, and walkietalkies allow students to communicate despite any physical barriers. For visually impaired
students, 3D-printed fossils and tactile maps enable a more complex understanding of the
surrounding geospatial distribution (Barvir, 2021).

Figure 3.6. Plan for an Accessible Trench Area (O’Mahony, 2015)
In addition to the technological advances in place, pre-field trip surveys could help inform
instructors to anticipate any reasonable adjustments needed. One paper in the British
Archaeological Jobs and Resources (BAJR) Series lists a couple of different practices that can
expand access to excavation sites (O’Mahony, 2015). An earth ramp, approximately a meter before
the main trench area, can be made to allow students in wheelchairs to wheel down into the site. A
safe zone next to the ramp can be used as storage for wheelchair equipment. Minor changes can
help students with back pains, limb loss, and invisible disabilities, but for these to be implemented,
instructors need to first be aware of the needs in their class.
Section 3.5: Physical Accessibility of Classrooms and Lecture Halls
Creating a learning environment that is considered to be universally accessible is helpful
in every situation. In reality, what does creating a universally designed classroom or lecture hall
look like? According to the Americans with Disabilities Act (ADA), there is a requirement for
parking lots to have one accessible parking space for every 25 regular spots in the lot. In addition
to this, one out of six accessible parking spaces must be van accessible (U.S. Department of Justice,
December 2015). However, there are not any requirements similar to this regarding a classroom
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environment. For example, a specific number of accessible seating per number of seats in a lecture
hall. To make places of learning more accessible, requirements like these should be put in place
that applies to each unique setting.
Lecture halls are one of the most complex and diverse spaces to navigate as a person with
a disability, especially when in a wheelchair. At most colleges and universities, lecture halls are
all leveled with desks, requiring students to walk up and down the stairs to access their seats. This
is not feasible for a person with a mobility impairment. Whether or not in a wheelchair, accessing
a seat that is high up from the entrance to the lecture hall can present itself as a challenge. In the
Classroom Design Guidelines from the University of Connecticut, the only requirements described
for a large lecture hall are that the lecture halls should have tiered floors in a curved configuration,
contain 75-150 seats, have either fixed seating or fixed tables, and moveable chairs, and allow for
movement behind the seating. The only mention they have in the guidelines for their classrooms
is to follow guidance from the ADA (Planning Architectural and Engineering Services &
Classroom Management Committee, February 2016). Lecture halls can be made more accessible
by adding more wheelchair-accessible seating in the front and back rows, even by making the
entire row so. Seating can also be slightly more spaced out, allowing for people with mobility
impairments to have more room to get around.
In addition to large lecture halls, smaller classrooms pose their own unique challenges to
people with physical disabilities. Now, a lot more university classrooms are leaning towards
collaborative work environments. According to the Yale Poorvu Center for Teaching and Learning
Classroom Seating Arrangements, “students prefer more flexible seating arrangements. In
particular, students express a preference for classrooms with mobile vs. fixed chairs, and
trapezoidal tables with chairs on casters vs. rectangular tables with immobile chairs” (Yale Poorvu
Center for Teaching and Learning, n.d.). The table below also references the types of seating in all
different types of classroom environments.

Figure 3.7: Planning Architectural and Engineering Services & Classroom Management
Committee, February 2016
Seeing that more classrooms are becoming more mobile, moveable desks and chairs can
be beneficial but also a challenge to students with disabilities. While the moveability of the
classroom equipment allows for students with physical disabilities to move/ get rid of items to suit
their needs, it also allows for clutter in the classrooms. A former student at Purdue University, who
is currently working for the Disabilities Resource Center at Purdue, explained the challenges of
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being in a wheelchair in a classroom with moveable trapezoidal tables and moveable chairs. He
discussed how challenging it was to get through a sea of chairs that were in his path, since it
required leaning forward out of his chair and pushing each one out of the way to get through
(Personal Communication, March 4, 2022). To combat this problem, classrooms could be more
spaced out and de-densify the number of chairs and students in the room at one time. There are
also different ways to format classroom seating, and with each comes its challenges and benefits.
In the traditional lecture-style classroom, there is a lot less collaborative learning in comparison to
those with a roundtable seating arrangement for example. Roundtable, horseshoe or even pod
seating allows for more space for PWDs to access the space.

Figure 3.8: Classroom Seating Arrangements Examples (Yale Poorvu Center for Teaching and
Learning, n.d.)
There are many things to consider when it comes to seating options in classroom spaces.
For some students, it is easier to stand at a desk for longer periods, but for others, they require a
seat with padding that also has a back. A Purdue Civil Engineering Master's Student with chronic
illness described the differences between the undergraduate and graduate classrooms she has
experienced. Due to her disability, she is unable to stand or sit in uncomfortable chairs for long
periods without experiencing extreme pain, to the point where she feels she is unable to focus. The
easiest change to make to extremely benefit her learning was to have seats in the classrooms with
padding on the bottom and a back with padding as well. This helps relieve stress off of the muscles
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in not only her legs but also her back and core (Personal Communication, March 28, 2022). From
a Guide to Good Posture, the best posture to have when sitting is “allowing your feet to touch the
floor, relax your shoulders, make sure your back is fully supported- use a back pillow or other back
support if your chair does not have a backrest that can support your lower back's curve, and make
sure that your thighs and hips are supported- you should have a well-padded seat, and your thighs
and hips should be parallel to the floor”(U.S National Library of Medicine, June 2021). Figure 3.9
depicts proper posture while seated at a desk. These guidelines should be met by at least some of
the seating options in classrooms and lecture halls, but doing it for all seats would be beneficial
for everyone.

Figure 3.9: Proper posture while seated U.S National Library of Medicine, June 2021
Finally, something else that would be beneficial for everyone is an upgrade of the
technology used in the lecture halls. Some of the more modern lecture halls have installed
technology that benefits people with disabilities greatly. Whether it be for visual impairment,
physical impairment, or hearing impairment, advances in technology have made learning a lot
easier for students with disabilities. This technology is the most beneficial for students in
wheelchairs who also have a hearing impairment. This is because most handicap-accessible seating
happens to be at the back of lecture halls, but without the technology to tap into hearing aids,
students find themselves struggling to hear the professor from the back. For example, a Purdue
student with a hearing impairment described the benefit of a technology system that allowed the
professor to pair with his hearing aids, allowing him to hear the audio clearly. This also gave him
the ability to tune out the rest of the classroom noise and focus on the voice of the professor. He
explained that only a few of his classrooms had this feature, and it would be nice to add to all of
them (Personal Communication, March 4, 2022). Technology features similar to these should be
implemented in not a few, but all of the lecture halls to make learning more accessible to everyone.

Section 3.6: STEM Accessibility with Service Dogs
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Service dogs are custom-trained dogs to assist specific needs of PWDs. The trained dogs
can enhance an individual's independence by helping with tasks such as opening doors, turning
light switches on/off, pulling a wheelchair, retrieving objects from tables or counters, getting a
cordless phone in an emergency, and so on.
Current policies neglect to explicitly address the inclusion of PWDs who rely on service
dogs (SD), specifically when it comes to accessing teaching and research laboratories. The number
of support-dog users has increased significantly over the last few years. According to Assistance
Dogs International (ADI), between 2009 and 2019, there was a 42% increase (Notman, 2021).
Despite the rising numbers, few colleges and universities have implemented guidelines for the
inclusion of SDs. Although there is no federal accredited body that outlines service dogs standards,
ADI is the leading organization for outlining SD standards in North America.
Titles II and III of the Americans with Disabilities Act (ADA) require that public and
private institutions permit animals to accompany the student in all campus locations where students
are allowed to go (Americans with Disability Act, 2022). However, the ADA also allows
institutions to exclude service animals from any area that might “fundamentally alter” if SDs are
admitted. According to the paper Barriers to inclusion: Service dog handlers in science laboratories
by Ramp et al., student service dog handlers (SSDH) are generally excluded from hands-on
laboratory experience. This exclusion is mainly due to the lack of specific policies toward SDs in
STEM environments as few institutions have published institutional positions regarding animals
on campus (Yates, 2021). The barriers that prevent the inclusion of SDs and students are endless.
For instance, ongoing policies state that environments that require personal protective equipment
(PPE) are restricted for SDs, since chemicals can be dangerous for the dog, and sterile
environments can get contaminated. Additionally, faculty members are also allowed to explicitly
prohibit SD in laboratories (Ramp et al., 2021).
In addition, during an interview with a current graduate student in Civil Engineering at
Purdue University, who was diagnosed with ADHD during the senior year of her undergraduate
program and had an SD, she was worried that there would be no floor space for a dog in most
laboratories at Purdue University; thus, it could be challenging to find somewhere safe for the
animal to sit. She was also concerned that the harmful chemicals could potentially spill on the dog
and huge machinery and floor cables could be a tripping hazard for the animal or person (Personal
Communication, March 25, 2022). Furthermore, a current visiting Assistant Professor at Purdue
University in the Department of Anthropology, who used to have a service dog, shared that having
a service dog can be costly, as it would take around $10,000-$20,000 alone, to train the dog for a
specific user’s needs. She also argued that there is currently no standardized legal certification for
the training of service dogs. On the other hand, she had not met anyone with a service dog who
had a problem with getting into lab settings, including herself (Personal Communication, March
5, 2022). Finally, according to a former Purdue University student and active member of the
Association on Higher Education and Disability (AHEAD) who also used to have a service dog,
he was not able to bring his dog into the Veterinary school building. He explained that this was
primarily because they could cause allergic reactions for other animals, or larger animals could get
frightened. Additionally, he mentioned that another problem he faced was that other students
around campus would frequently want to pet the dog, which is not recommended for service dogs
(Personal Communication, March 5, 2022).
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A major consideration regarding service dogs in labs is the safety of the dog, and the safety
of other students and instructors, especially when considering wet labs like chemistry labs.
According to the paper titled Service Dogs and Safety in Academic Laboratories by Redden, dogs
are more susceptible to possible chemical and physical hazards than humans. For instance,
chemical vapors can accumulate on the floor, and containers for chemical waste are usually placed
on the floor, and since dogs lick their fur and feet often, chemicals can be more easily ingested by
them. Currently, there are no guidelines regarding PPE for service dogs either (Redden, 2020).
To provide a safe laboratory environment for both SDs and PWDs/instructors, proper
assessment and accommodations are needed. If SDs are restricted from the lab, adequate alternate
space should be considered. The space should be as close as possible to the lab, so the student can
get the dog right after the lab is done or in case of an emergency. If the dog is admitted into the
lab, animal PPE should be required and proper adorning procedures must be documented,
including boots, goggles, and lab coat, as shown in Figure 3.10. Additionally, an adequate location
for the dog inside the lab should be considered, such as by the student’s bench area or in a recessed
wheelchair access zone. In addition, equipment, chemicals, or any item that might cause a hazard
should be identified and safety procedures should be determined for each case. For example, the
relocation of chemical waste containers and signs to indicate to safety personnel of the possible
presence of an SD and specific guidelines for their safe removal during emergencies. Finally, Titles
II and III of the Americans with Disabilities Act (ADA) should be modified to explicitly outline
standard operating procedures (SOPs) that allow the inclusion of service dogs in lab environments
(Ramp et al., 2021; Redden, 2020).

Figure 3.10. Proper Service Dog PPE (Dahl, 2021)

Section 3.7: Conclusion
Even though the Americans with Disabilities Act (ADA) in the United States guides the
general design of buildings to accommodate a variety of different disabilities, it often fails to be
applied in classrooms, laboratories, and fieldwork. Previous literature research, interviews, and a
survey conducted by the authors demonstrated that PWDs still face many challenges in STEM
settings. In the laboratory environment, PWDs primarily struggled with non-adjustable
35

workbenches, fume hoods, and stools as well as difficult to use safety equipment and PPE. Lab
equipment that requires fine motor skills, visual acuity, and stability also posed challenges.
Classroom settings had similar issues as laboratories such as inaccessibility of seating, lack of
accommodative technology, and narrow aisle spacing. PWDs who require service dogs daily faced
hurdles with various policies that restricted service dogs in research facilities and areas which
required PPE.
It is recommended that architecture and furniture in classroom and lab settings be easily
adjustable and well padded. Aisle width should be considerate of wheelchairs and any other
supporting equipment a student might use. Moreover, classrooms should follow universal design
guidelines, including larger aisle width. The placement of furniture and electrical wiring must be
such that it does not pose a tripping hazard or act as an obstacle, and safety equipment must be
placed at an accessible height for people in wheelchairs. Regarding equipment in both laboratory
and field settings, it is recommended that a wide range of altered equipment and assistive
technologies be accessible and available. A survey at the beginning of the semester may be helpful
to better understand student needs and guarantee accessibility however necessary.
Additionally, a field setting preparation could range from different tools, including 3D
printed materials, modifications to trench areas, and even handheld devices that relay live footage
from a couple of meters away. Investments in technological aids are also recommended for all
areas of study (including classrooms, labs, and fieldwork).
Finally, proper assessment and accommodations for Services Dogs in lab environments are
needed. If the SD is not accepted into the lab, adequate alternate space should be considered. If the
dog is admitted into the lab, proper animal PPE should be required. In addition, equipment,
chemicals, or any item that might cause a hazard should be identified. Lastly, in case of an
emergency, safety personnel must be aware of the dog’s presence and have specific guidelines for
the safe removal of the dog and the student.
In summary, PWDs struggle in STEM environments despite existing guidelines and efforts
for increased accommodations. Implementation of the above recommendations would promote the
success of PWDs in a STEM setting by removing barriers and increasing the physical accessibility
of the lab, field, and classroom.

Chapter 4: Alternate Mediums of Scientific
Information (Universal Design in Learning)
Jack Anderson, Shalin Bhandari, Trevor King, Michael Klug, Seth Morris

Section 4.1: Introduction
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STEM labs and education are not always tailored towards people with disabilities (PWDs)
as much as they should be. A variety of equipment, processes, and other accommodations are often
ignored or never considered until the issue arises (Personal Interview, March 23, 2022). This can
be quite a barrier for PWDs both in terms of their abilities within these STEM related environments
and also in terms of motivation to participate in these areas. Obviously, accommodating all
varieties of needs is difficult, but the current issues can and should be fixed and focused on more
than they have been in the past. PWDs deserve equal access and consideration to all areas of STEM
education, with some of the major issues occurring in a laboratory setting. “Persons with
disabilities account for 20% of the U.S. population, but only make up 7% of the science and
engineering workforce, compared to 14% of the entire U.S. labor force”, which is quite astounding
(Langley-Turnbaugh, 2009). Figure 4.1 below deals specifically with learning disabilities;
however, this chart truly shows that having a majority of educators prepared for these situations
would help tremendously with all disability types.

Figure 4.1: Preparedness of various educators in teaching students with disabilities (Moon, 2012)
Finding ways to universalize data acquisition and presentation methods that improve
accessibility within STEM related settings can increase the PWD motivation for entering STEM
labs and industries. This section discusses the current landscape of alternative scientific mediums
and begins to explore their short-comings and future expansion within labs.
37

Section 4.2: Visual Impairment Disabilities and Data Acquisition in STEM Labs and
Education
Around 49% of registered ADI (Assistance Dogs International) handlers have guide dogs
for visual impairments, while the proportion of dogs used to help PWDs for disabilities other than
vision and hearing has been increasing for over a decade (Notman, 2021). Even with this
prevalence, most labs and their staff are not set-up to handle live animals in their operations. An
assistance-dog user, a graduate student at the University of Toronto, said that “there is this
roadblock where it’s often just assumed that it would be too hard” when discussing the inclusion
of service dogs in labs (Notman, 2021). The ability to use these animals in this environment
extends beyond simple exposure. Dogs need the same level of protection as their handler, with the
need to have these animal protection tools in place beforehand. Involving these handlers in
discussions about lab policies would help both parties and show the support of those in authority.
Lastly, and most importantly, those who are not PWDs who encounter service dogs should be
trained or at least informed of all requirements in these inclusive environments, such as not
distracting the animal, whether or not they have experienced this situation previously.
Those with visual-related disabilities experience many difficulties in STEM education and
laboratory settings. In a recent survey conducted by Purdue University regarding PWDs and STEM
accessibility found that 22.4% of respondents indicate having trouble with note-taking (either
hand-written or via keyboard) and 17.1% struggle with peer-to-peer communication. These results,
among others, give true insight into the difficulties experienced by PWDs in STEM with ‘simple’
tasks that those without disabilities may overlook. These struggles result in further issues with
understanding data and other forms of information in these STEM settings. In terms of acquiring
data for those who are visually impaired, the University of Washington has some helpful
suggestions which include (Burgstahler, 2012):
a. Verbal descriptions of demonstrations and visual aids
b. Preferential seating to assure visual access to screens and demos
c. Large print, high contrast images, hand-held magnifiers, [video] cameras to enlarge
microscope images, and more equipment-related help
d. Being descriptive and specific when giving directions or help
e. Speaking content rather than just simply providing visuals
f. Offering an arm rather than grabbing/pushing when guiding PWDs (visual)
These suggestions could greatly assist visually-impaired PWDs and improve their
experience in STEM environments. Suggestion (c.) for example, could help those who have
trouble viewing microscope images. An interview with an undergraduate student with poor depth
perception proves that scientific instruments can cause many issues for people with vision
impairments, as she “has a hard time seeing things through a microscope”, which would be quite
the hindrance for students in STEM laboratories (Personal Interview, March 28, 2022). There are
many challenges that arise in these settings for people with visual impairments, but understanding
and applying these suggestions would improve both the performance and attitudes of PWDs within
STEM settings.
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A research study was conducted on discussing the issue of “hands-on learning” in STEM
education for PWDs (Moon, 2012). This concept is often considered essential for those interacting
and learning in STEM labs; however, “‘hands-on’ often means ‘eyes-on’” which can be difficult
for the visually impaired, as “few laboratory instruments were originally designed to utilize the
hands, skin, ears, or nose to convey quantitative information” (Moon, 2012). A common solution
is to use laboratory assistants, but this may reduce the quality of the experience for the student at
hand. Some emerging, and better, solutions according to Moon include:
a. “Multisensory” aspects of laboratory science to reach all senses and disabilities
b. Modified instruments with both tactile and auditory outputs
c. Braille labels, a rearranged layout, and other specific efforts
Even with these additions, other issues may still arise with things such as discrepancies
between print and Braille text, additional time when using the Nemeth Code (Moon, 2009), and
more.

Figure 4.2: Traditional, lecture-based learning is not ideal, especially for PWDs (Moon, 2012)
In summary, it is difficult to be experienced or prepared for all situations that may arise
with visually impaired students in STEM education and laboratories. Things that persons without
disabilities may overlook are often obstacles for PWDs. Lecture-based learning is best kept as a
thing of the past, as shown by the visual above, as additions need to be made, such as providing
lecture notes or transcripts. Considerations should always be made, especially when it is known
that some student(s) with a visual impairment will be involved in the environment, both for the
people in charge and other students in the lab. There are plenty of resources available, whether that
is focused on equipment, assistive technologies, course design and processes, and other
accommodations to make these places more accessible for everyone. D’Agostino (2022)
summarizes the importance of such inclusion by saying that “if blind and low-vision students are
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fully engaged in the undergraduate science curriculum, it will increase their confidence, interest,
and motivation, which will lead to entry into the science workforce by qualified, differently abled
scientists. Without conscientious efforts to make the undergraduate chemical sciences curriculum
accessible, blind and low vision students will remain excluded from [these] opportunities''.

Section 4.3: Auditory Impairment Disabilities and Data Acquisition in STEM Labs and
Education
According to the Hearing Loss Association of America (HLAA), approximately 48 million
Americans have some degree of hearing loss, an estimated 1 in 5 American teenagers have some
degree of hearing loss, and lastly about 2 to 3 out of every 1,000 children in the United States are
born with a detectable level of hearing loss (“Hearing Loss Facts and Statistics”, n.d.). Regarding
STEM inclusion of deaf and hard of hearing students, a report conducted on doctorate recipients
at U.S. universities showed that of the doctorates, who had some degree of hearing loss, 21% were
in life sciences (i.e. agricultural, natural, biological, biomedical, and health sciences), 13% were
in physical sciences (i.e. computer science, chemistry, and mathematics), and 6% in engineering
(“Workshop for Emerging Deaf”, 2012). However, these statistics are significantly lower than
those of the general population, where 36% earned doctorates in the life sciences, 26% in physical
sciences, and 16% in engineering (“Workshop for Emerging Deaf”, 2012). Finding a way to reduce
the hardships and lack of interactions for PWDs, who are affected by hearing loss, is integral in
increasing accessibility and inclusivity in STEM activities. Figure 4.3 below shows a distribution
from a study of deaf and hard of hearing undergraduate students in various STEM fields, where
30% are in engineering, 28% are in biological and biomedical sciences, and 16% are in computer
and informational sciences (“Workshop for Emerging Deaf”, 2012).

Figure 4.3: Distribution of Deaf and Hard of Hearing Undergraduate Students in various STEM
fields (“Workshop for Emerging Deaf”, 2012)
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As shown in Figure 4.3, there are PWDs, who are affected by hearing loss, involved in
STEM activities at an undergraduate level. As a result, there needs to be better options (within
STEM labs and education) for aiding individuals, who are deaf or hard of hearing, such as solutions
for masks which impair lip reading, use of ASL or subtitles, or enhanced peer-to-peer
communication. In a recent survey conducted by Purdue University regarding PWDs and STEM
accessibility, respondents noted that the following data acquisition methods were difficult in
STEM education and/or research: peer-to-peer communication, lip reading (especially when
wearing masks), and speaking to and/or listening to speakers (Purdue IE 490/BME 495 online
survey, 2022). Current solutions do exist to help alleviate such challenges.
First of all, universal design (making accessible to all) and barrier-free design (making
accessible to individuals with disabilities) are critical in making a STEM lab, which is used both
for research and education purposes, more accessible to PWDs, who are affected by hearing loss.
According to the Canada Hard of Hearing Association, educational facilities should consult
audiologists when designing new buildings to optimize sound amplification (David, 2008). In
addition, educational facilities should implement the acronym “RAMPS”, which promotes the
following five strategies: reduce noise, amplify teacher and student voices, manage background
noises, advocate for acoustical upgrades from parents and professionals, and strategize for affected
students (i.e., print versions of material provided and seat students appropriately) (David, 2008).
According to the Americans With Disabilities Act, an average of a third of spoken words can be
interpreted by lip reading (Piñeiro, 2020). Therefore, it is imperative to create open environments.
This can be accomplished by implementing the following design criteria: circular rather than linear
seating arrangements to create an open communication channel where all individuals can see each
other, adequate lighting that establishes clear vision and minimal glare, sound-absorbing material
that reduces background and disturbing noise (Piñeiro, 2020). In an interview, a graduate student,
who served as a teaching assistant for undergraduate STEM labs with significant hearing loss,
expressed that they faced minimal difficulties in fulfilling their role as teaching assistant due to
the lab section forming a circle around them during the beginning of the lab, so they could explain
in detail the lab procedures and answer questions in this circular formation (Personal Interview,
March 31, 2022). In addition, they also mentioned that when students had questions during the lab
experiment, placing themself in front of the students to address their questions was sufficient in
communicating with the students (Personal Interview, March 31, 2022). Furthermore, universal
design and barrier-free design are integral in allowing PWDs, who have hearing loss, to excel both
as a student or instructor by emphasizing circular formations for group communication and
allowing adequate room for the teaching assistant or instructor to go to each lab table.
Second, American Sign Language (ASL) serves as the main sign language of deaf
communities in the United States. However, scientific and technical terms often used in STEM
education and research do not have an associated ASL sign. According to a deaf chemistry
professor at Gallaudet University, 80% of chemistry terms have no established chemistry sign
(Boerner, 2021). Thus, when individuals need to translate something into ASL and there is not a
sign for it, they spell it out using the signs for the words, which is a method called finger spelling
(Boerner, 2021). All respondents from the Purdue University survey, who use ASL in their daily
lives, reported that either it was somewhat or extremely difficult to understand and express
scientific technology using ASL (Purdue IE 490/BME 495 online survey, 2022). The finger
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spelling method and survey results show there are great challenges in regards to STEM education
and research, and the lack of signs for scientific terms dramatically interfere with deaf individuals’
entry into STEM. According to the National Deaf Center on Postsecondary Outcomes, 0.8% of
deaf and hard-of-hearing students study the physical sciences at universities in the United States
(Boerner, 2021). This shows evidence of the multiple barriers faced by PWDs with hearing
disabilities when entering a STEM field. In fact, in separate interviews with two graduate students
from Purdue University, who have significant hearing loss, they both expressed that they never
used ASL for communication in STEM activities due to the lack of ASL signs for scientific
terminology (Personal Interview, April 4, 2022) (Personal Interview, March 31, 2022). To address
the lack of scientific terms in ASL, ASLCore, a group of interpreters and deaf students, have
developed advanced ASL signs in several STEM disciplines (Boerner, 2021). For example, deaf
students at the Rochester Institute of Technology created an ASL vocabulary for advanced terms
in organic chemistry, such as steric hindrance, by not focusing on how the object looks but also
how it moved in a chemical reaction (Boerner, 2021). This resulted in their grades increasing
tremendously.
Third, peer-to-peer communication is an integral part of STEM activities where
collaboration with lab members is key and PWDs, who are affected by hearing loss, have
corresponding obstacles to overcome regarding this. In a recent survey conducted by Purdue
University regarding PWDs and STEM accessibility, 17.1% of respondents reported that peer-topeer communication for data acquisition is difficult for them within STEM education and/or
laboratory environments (Purdue IE 490/BME 495 online survey, 2022). Although federal laws
mandate accommodations for equal access like providing interpreters, these accommodations do
not help with the acquisition of information via social means, such as group work or students
meeting outside of class to study (“Workshop for Emerging Deaf”, 2012). In a study at Rochester
Institute of Technology of facilitating communication in mixed groups of deaf and hearing
students, visual communication through the use of whiteboards or tablets was effective in helping
deaf and hearing students collaborate as all participating students viewed the use of whiteboard
and tablets rather than just talking as a more effective means of communication (Marchetti et al.,
2012). This study shows how multiple mediums of communication like verbal and visual
communication are important to incorporate to help those with hearing disabilities understand and
contribute in group settings.
The COVID-19 pandemic has also posed new challenges to PWDs, who are affected by
hearing loss, as masks have disrupted lip reading and virtual meetings are establishing themselves
as the norm in many professional settings. In fact, 20% of respondents of a recent survey conducted
by Purdue University regarding PWDs and STEM accessibility reported that they have problems
communicating or interacting in virtual meetings, such as Zoom or Microsoft Teams (Purdue IE
490/BME 495 online survey, 2022). Their responses showed that virtual meetings posed the
following new challenges to PWDs: low quality microphones of meeting speakers make auditory
processing disorders significantly worse, screen share does not work with a screen reader, when
cameras are not on there is an increase in anxiety from not being able to see facial reactions, and
auto captions are often unreliable especially with technical content (Purdue IE 490/BME 495
online survey, 2022). Real-time captioning like Communication Access Real-time Translation
(CART) have been used in many applications, such as education or professional settings, to
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provide a consistent, accurate transcription of real-time speech from a skilled individual
shorthanding such speech (“Workshop for Emerging Deaf”, 2012). Also, masks have disrupted lip
reading as those with hearing disabilities rely on facial and body expressions to interpret
communication. Transparent face masks have been designed to allow for lip reading and a clear
visual of people’s faces. An example of this is ClearMaskTM, which is the first fully transparent,
FDA-cleared mask that is anti-fog and allows access to visual communication (ClearMask™,
2022). The ClearMaskTM is exhibited below in Figure 4.4.

Figure 4.4: ClearMask™ (transparent face mask) on customer (ClearMask, 2022)
However, a graduate student with hearing loss at Purdue University reported that they were
provided transparent masks by the university to give to their professors; however, they found that
they were only able to lip read 60-70% of the words they could typically lip read without masks
while wearing clear or transparent masks because the transparent masks do relatively hide facial
expressions (Personal Interview, April 4, 2022). It is important to note this is an improvement to
lip reading while wearing a traditional mask as the graduate student reported only being able to lip
read 20-30% of the words they could typically lip read with a traditional mask (Personal Interview,
April 4, 2022).
Furthermore, there are many challenges for PWDs, who are affected by hearing loss, in
regards to acquiring information and interactions in STEM education and research. Challenges
have arisen from ASL communication, peer-to-peer communication, the COVID-19 pandemic,
and much more. Current solutions exist to help PWDs overcome such challenges; however, there
is still a need for more accommodations or solutions to help those who are deaf or hard of hearing
acquire information and data in STEM education and research.
Section 4.4: Physical Disabilities and Data Acquisition in STEM Labs and Education
Another group of data acquisition and presentation challenges arise within STEM lab
interaction for people with physical disabilities. According to the Department of Rehabilitation
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Science and Technology at the University of Pittsburgh, 13% of adults in the United States have a
physical disability (Jeannis, 2019). Finding a way to reduce the hardships and lack of interactions
for PWDs from these challenges is a necessity. There needs to be better options (within STEM
laboratories and education) for aiding individuals with dexterity impairments. According to a
recent survey of PWDs, these challenges include taking notes (handwritten or typing), creating
graphs and tables (by hand or with computer), and writing on chalk or white boards. About 22.4%
of responses stated that notetaking was difficult for them. Currently, there are some alternative
methods to help people with physical disabilities work around these challenges (Purdue IE
490/BME 495 online survey, 2022).
The first current method to reduce hardships from acquiring data within the STEM Lab is
making the lab more accessible through universal design. Oswego State University of New York
has created suggestions on creating accommodations for students with mobility impairments.
These accommodations include work surfaces being 30 inches from the floor or those that are
adjustable height to accommodate different types of individuals, equipment being within arm’s
length, keeping the lab tables uncluttered, and using large screens during demonstrations (Oswego,
2021). All these accommodations are quite easy to implement into any lab space. If tables are 30
inches from the floor, within reach, and uncluttered, this could help many students handwrite or
type notes while conducting tests or recording observations during an experiment. It also can allow
more participation as lab equipment would be more accessible. Lastly, another way to aid data
acquisition is using enlarged screens, while demonstrating or observing something, can reduce the
need for students to move around the lab setting just to watch. Making minimal changes and
creating a universal design in all labs for students and adults will allow PWDs to equally participate
in laboratory activities without the expense of others’ learning and participation.
As explained from the recent survey, note taking during laboratory work can be physically
challenging for people with physical disabilities. One current method to assist PWDs with
notetaking is using a speech-to-text approach. One approach is speech recognition assisted note
taking. A study conducted at Purdue University looked at ways speech recognition assisted note
taking could be introduced within lectures for PWDs to effectively acquire lecture notes. The study
implemented speech recognition during lectures. The speech recognition recorded,
transcribed, and displayed real-time captioning of the lecture to students. As a result, the teachers
and students felt overall positive about the implementation of speech recognition assisted note
taking and did not think it interfered with the lecture. The real-time captioning had a wordrecognition accuracy of 87.5% (Duerstock, 2011). Although this study looked at speech-to-text
methods within lectures, this method can be easily adapted within lab settings in which data is
acquired through observations. Taking speech-to-touch a step further, a future idea could
incorporate a “speech-to-graph” method that allows PWDs to use voice commands to create digital
scientific graphs or tables from data observed within experiments.
Lastly, lab assistants are also used in order to help students with disabilities. According to
the American Chemical Society Committee of Chemists with Disabilities, directed lab assistants
are individuals who perform experiments and laboratory tasks from a student’s direction. Lab
assistants do not “prompt, give hints, or interfere in the student’s learning experience”. The
assistant only controls lab equipment if the student needs help and allows the student to make their
own observations and interpretations (Miner, 2000). The goal of laboratory assistants is to allow
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students with physical disabilities to participate as fully as they can during experiments.
Implementing directed lab assistants within academic and professional labs is a great
accommodation to allow PWDs to acquire data through experiments and observations. In the
future, robotic assistants could be explored further in order to create a closer individualist feel for
students and professionals who rely on directed lab assistants.
People with physical disabilities run into many challenges that deal with acquiring data
including operating lab equipment, taking notes on scientific observations, and creating graphs
and tables to interpret observations. Although it is difficult to incorporate all accommodations,
laboratory universal design, speech-to-touch technology, and directed lab assistants are three
simple additions to any lab setting and have massive effects on allowing students and professionals
to participate more. These three accommodations can also be further expanded on in the future to
make more strides in accommodating all individuals.

Section 4.5: Visual Impairment Disabilities and Presentations in STEM Labs and Education
A recent survey conducted by Purdue University regarding PWDs and STEM accessibility
found that about 58% of the people surveyed had difficulty with visual presentation methods in
STEM environments.

Figure 4.5: Preparedness of various educators in teaching students with disabilities (Purdue IE
490/BME 495 online survey, 2022)
As we can see in Figure 4.5, the issues for people with auditory disabilities were mainly
related to being able to hear the speaker, for people with visual disabilities those issues ranged
from being able to view posters, PowerPoint presentations, tables, figures, and more. When it
comes to presenting information and data, people with visual impairments deal with a multitude
of issues. An interview with a BME lab coordinator proves that some students with disabilities
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tend to struggle with presentations, as he said “some students tend to feel extremely uncomfortable
while presenting” (Personal Interview, March 23, 2022). Due to the nature of most presentations,
whether it be in a conference, symposium, or class, most of them rely heavily on visual components
to convey their information. However, since people with visual impairments are not able to see the
contents very well if they have poor visibility, or unable to see the content at all if they are blind,
they tend to have a harder time trying to understand the information that is being presented. In
order to help people with visual impairments, there are current standards for presenting that tend
to make the presentations more accessible, as well as some technologies that are trying to change
the way information itself is presented.
One of the most common presentation tools is PowerPoint, it helps users convey their
information in a sequential and organized fashion with multiple visual prompts like images,
graphs, or text. In order to help people with visual impairments Microsoft has some features that
can make PowerPoint presentations more accessible as well as a dedicated support page that has
guidelines on what to do to make a PowerPoint presentation more suited for people with visual
impairments (Microsoft, 2022). The most common way images and graphs are made accessible
for people with visual impairments is using alt text (Microsoft, 2022). Alt text allows a person to
get a written description of the visual that it is associated with. This could be either describing the
image or conveying some of the results or trends in a graph and associating this information with
the visual. This is done by the creator of the presentation as they are the ones who write the
descriptions and have to be associated with the visuals. This allows people using technology such
as text to speech to translate the image into words that could then be read to the user.
Along with alt text it is also advised to have the contents of your presentation organized in
the order that you intend for it to be read (Microsoft, 2022). This allows any screen readers or text
to speech programs to convey the information in the correct order to the listener. Lastly, if a table
needs to be created, the table should have clearly defined column header information and contain
only the necessary information (Microsoft, 2022). By keeping the table simple it allows most
screen readers to convey the information in a logical manner while also identifying the different
rows and columns based on the header information.
For people who have low vision it is recommended that for any PowerPoint or poster
presentations the font size should be 24pt or larger and the font style should be sans serif (Ladner,
2021). By using a larger font and simple font style it allows the information to be read more easily.
Microsoft also recommends not relying heavily on colors to convey information, however if that
is needed to use high contrast colors as that helps people distinguish between them more clearly.
The most important aspect of a presentation is the presentation style of the presenter. By having
less text on each slide and relying more on conveying the information through speech it allows
people with visual impairments to listen and understand the information. by minimizing the
amount of text and visuals on each slide and conveying most of the information through speech, a
person with visual impairments would be able to understand most of the information that would
be conveyed through a presentation.
Apart from receiving information from a visual presentation people with visual
impairments also struggle with other visual tasks such as brainstorming or data visualization. This
is because through our vision we can perceive large quantities of spatial information quickly
(Raufi, 2015). In order to help with this issue a haptic interface technology system has been used
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to try and allow for data exploration analysis. In the haptic interface it would allow the user to
interact with and visualize the data using their other senses apart from just vision. This would be
by allowing the human body to interact with the computer through bodily sensations and
movements. However, since haptic interfaces are still very visually reliant, enhanced haptic
interfaces were made which used other properties such as first and in texture to also allow the user
to interpret the data. An example of this would be using texture instead of color to represent
graphical differences and variations in data (Raufi, 2015). This haptic interface will allow the users
to view and understand information in a nontraditional way. They may struggle with this as it
would be harder for people who are used to visually analyzing data to change their thought process
to use other senses for acquiring the information. However, for people with visual impairments
they would be able to adapt to using this technology as they would have no other forms that they
are used to.
Section 4.6: Auditory Impairment Disabilities and Presentations in STEM Labs and
Education
Individuals, who are deaf or hard of hearing, can have many issues in lab settings (Braun
et al., 2018). Complete hearing loss presents issues where many presentation styles such as
PowerPoint or a TED talk style presentation can make it almost impossible for people with hearing
loss to fully understand the presentation. For those with partial hearing loss the same issues can
sometimes arise. Some classrooms that are mainly used for lectures have special speakers built in
that interact better with cochlear implants and other hearing aid devices, such as telecoils.
However, these amplification systems are often unavailable within actual laboratory spaces and in
areas where presentations of results are given. Therefore, inexpensive off-the-shelf technologies
are more widely used than those (Visitor Accommodations, n.d.).
PowerPoint presentations generally have the guidelines of putting a minimal amount of
text on slides and usually images that can be discussed orally by the presenter. This can create
issues when the intended audience of these presentations are those who are deaf or hard of hearing
and cannot get that extra discussion and explanation over what is visible on the slides. Current
ways of fixing this is to make sure that the speaker is always directly facing any people who need
to read lips, which is a good resource, but only about 30% of all words can be understood from lip
reading alone, so more help is needed because a lot of presentations contain a plethora of technical
terms that can be very difficult to pick up on (“How can you make your presentation accessible?”,
2021).
Other solutions are to have either subtitles or a translator available, but both of these two
solutions cause the person to have to quickly look between the slides or poster and the translator
or another medium that the words are being translated. Translators to ASL may not be widely
available for smaller meetings though. With the Covid-19 pandemic; however, there have been
many more options created that use online and asynchronous presentations. Video can be slowed
down or replayed as much as needed, which have shown to be helpful to those who are deaf or
hard of hearing. These online presentations are great for people who are deaf or hard of hearing,
but not every presentation will be presented through this medium, so the same issues will still be
present for any presentations that need to be in person (Personal Interview, March 23, 2022).
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For individuals with only partial hearing loss, it is not an issue of not understanding any of
the oral parts of the presentations, but that not everything is clear which can create major important
gaps in those individuals' understanding. Many large lecture halls at Purdue are equipped with FM
speakers that can directly send the signals of the presenter to the hearing aids of individuals in the
classroom, which make it much easier for these individuals to gain a full understanding of the
information presented. Many of these classrooms also have Communication Access Realtime
Translation (CART) systems installed which can provide subtitles in real-time to individuals. The
issue with both of these systems is that there are still many classrooms where the systems are not
available especially in small lab settings. These systems are not affordable in labs that can only
accommodate twenty or less students at a time (Visitor Accommodations, n.d.). Also from
interviews with those with hearing loss, many individuals that are deaf prefer remote microphones
or personal amplification systems rather than the telecoils and FM speakers built into the classroom
(Personal Interview, April 4, 2022). The interview with the audiology professor matched these
sentiments in that most of the telecoil systems go unused because most of the students do prefer to
use remote microphone systems (Personal Interview, March 28, 2022).
There are some emerging amplification technologies that could be helpful in the future.
Currently there are many solutions which use Bluetooth that can be very helpful to those with
hearing loss. Some of these are remote microphones which are very portable and can be provided
to each person presenting and can be used in almost every setting. Many of the current devices
which use Bluetooth even go beyond the standard one microphone connected to one hearing aid
solution and have become more innovative such as the tabletop microphone in Figure 4.6. The
tabletop microphone can allow users to choose a specific direction to focus on to listen to only one
person talking in a group or switch between focusing on certain speakers by choosing a direction
to listen in (Personal Interview, March 28, 2022). Devices like this one can be extremely useful
for group settings, and there are many other unique devices very similar. There are many
downsides to Bluetooth however, as they can only connect 1 on 1, so one microphone can only
send signals to one receiver. There are also some issues with delay in the sound which can interfere
with those that lip-read because the audio and lips will not match up (Personal Interview, March
28, 2022). Finally, many of these devices can be very expensive and cost hundreds of dollars which
can be an issue for a device that is trusted to others (Hearing Aid Accessory, 2022). A new version
of Bluetooth is in development which will help to address the delay issues, and possibly allow
multiple devices to connect which would help a lot for Bluetooth devices to become a more viable
solution (Personal Interview, March 28, 2022).
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Figure 4.6: Starkey tabletop microphone (Cooling, 2020)
Because of all these issues that arise, there needs to be a better alternative for presentations
that can help individuals, who are deaf or hard of hearing, gain a full understanding of the topics
presented.

Section 4.7: Conclusion
All of the current methods of accommodations for visual, auditory, and physical
impairments are small steps into increasing PWD accessibility and participation within STEM labs
and education. However, many accommodations for students or professionals can be further
transitioned to universal design within labs and education. For example, in the same interview with
the undergraduate student who has poor depth perception, she stated that she uses a special digital
eyepiece camera that projects the image to a screen or can take pictures shown in Figure 4.7. She
believes that this technology should be used by more, if not by all, students in her lab to enlarge
objects (Personal Interview, March 28, 2022). This simple transition to a stereo or compound light
microscope will not only increase accessibility by PWD students but also for everyone involved
in these areas.
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Figure 4.7: Picture from Digital Eyepiece Camera for Standard Microscope (Digital, 2022)
The need for improvements within STEM laboratories and education regarding the
accessibility of students with disabilities in these settings goes beyond the implementation of hightech equipment, rearrangement of lab layouts, or providing lab assistants. In order to change the
outlook and experiences for students with disabilities in STEM labs and education, things like
advocacy and preparedness being considered alongside the aforementioned additions is vital. The
picture below (Figure 4.8) illustrates the ever-increasing gap that lies in students with disabilities’
motivation to enter a STEM field, which is likely a direct correlation to the lack of overall
consideration given to these students and their experiences in this setting.

Figure 4.8: Percentage of Students with Disabilities Pursuing STEM Degrees (Moon, 2012)
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Chapter 5: STEM Practices that Promote
PWD Success
Zada Anderson, Ashley Huneycutt, Greg LaMonaca, Michelle Moffatt, Linete Taina

Section 5.1: Introduction
Undergraduate students with disabilities choose STEM majors at the same rate as their
peers; however, they are less likely to complete a bachelor's degree (Burrelli, 2007). Graduate
students with disabilities are less likely to major in STEM than their peers, but complete graduate
school at the same rate (Burrelli, 2007).
To promote the success of persons with disabilities (PWDs) in STEM universities may use
specific practices for those with disabilities (Section 5.1). One specific practice is incorporating
types of arts like visual and media arts to create more ways of understanding difficult topics in
STEM such as using Venn diagrams (Stemming on STEM, 2022). Another specific practice is
instructors having consistent instructions and expectations which can aid students with disabilities
in maximizing their productivity. Along with having notes being uploaded which can facilitate
students in having quick and easy access to missed information (Research-Based Practices…,
2012). Having a personal aid that can be flexible, communicative and pre-plan with the student
with disability can also create more inclusion and ease in learning in a STEM class (Effective Use
of Personal Assistant..., 2017).
Another way to help PWDs in STEM be successful is through mentoring programs (Section
5.2). For all students having a mentor is beneficial, for students with disabilities this is even more
crucial. No matter the mode of mentoring disabled students, they learn study skills, communication
and to advocate for themselves (‘Peer Mentor Program’). This connection can help students feel
less alone in their struggles and increase the retention of students with disabilities within STEM
(laMonaca et al., 2022).
Another barrier PWDs may face is financial logistics. Disability benefits can be affected
by crossing state lines, earning an income, or even just having too much money in your name
(Schearer et al., 2021). This can make obtaining an education difficult for many people with
disabilities. While many current or prospective students with disabilities may feel distraught about
a lack of resource support, many institutions including government and national agencies provide
a plethora of options (Section 5.3). On the base level, many students with disabilities may feel at
a loss because they simply cannot afford higher education due to financial reasons. In some cases,
these students may take longer to complete their graduation requirements, incurring more debt
than the average student. However, many options are present that can allow these students to
achieve their scholastic dreams, without building a significant amount of debt. This resource
support can come in the form of government programs or scholarships that provide financial
support for students with disabilities.
In addition to financial support, universities can also provide students with academic
support through testing accommodations. An accommodation commonly used by students with
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disabilities is extended testing time (Section 5.4). Extended testing time aims to level the playing
field for students with learning disabilities that affect how quickly they can perform tasks
(Liljequist, 2013). Removing the pressure of a harsh time frame from exams can allow students to
focus on the exam’s contents and prove their academic competency.
Throughout the education path to undergraduate and graduate school, STEM students take
one or multiple different exams. College Board exams often taken in high school that STEM
students partake in are the PSAT, SAT, and AP tests. The College Board is the organization in
administering all of these standardized exams. Students with disabilities are able to apply for
accommodations while taking these exams. The MCAT is a prime example of a STEM graduate
school core competency requirement. The MCAT offers several accommodations, which the
students must apply for through a multitude of steps.
The five subtopics discussed in this chapter are: practices specific to students with
disabilities in STEM, mentoring programs, resource support, extended time, and core competency
requirements for higher education accreditation. These subtopics were picked because they are
able to give a full overview of the different supports students with disabilities have access to while
in STEM. The subtopics describe college entrance support, as well as resources in and out of the
classroom. The extended time subtopic focuses on the extended testing time rather than an
extended plan of study. This is because the option to take classes outside of the standard fifteen
credit per semester plan of study is a personal choice, not a resource given by the school.

Section 5.2: Practices Specific to Students with Disabilities in STEM
Incorporating Arts in STEM Courses
Some researchers argue that to encourage students’ motivation in continuing learning
STEM related classes that there should be an incorporation of the different types of arts, more
specifically visual and media arts (Stemming on STEM, 2022). Especially, in difficult STEM
topics where the incorporation of arts can enable a more creative way of understanding the topics.
For example, scientific instructions can be connected to graphic organizers like Venn diagrams,
tree charts and concept maps which allow students to be more visually creative and demonstrate
what they know. By incorporating the arts in STEM topics, this would aid students with disabilities
in understanding and manipulating abstract concepts. There is a multimodal representation list that
can be used as visual art to have students show STEM concepts/processes, as seen in figure 5.1.
For example, this visual support can be used by the students to explain the process of the water
cycles by movement (Stemming on STEM, 2022). However, incorporating certain forms of
performance arts in STEM like dance and theater would be more difficult to incorporate.
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Figure 5.1: Multimodal Representation for Visual Support (1)
Consistency in the Classroom
Other specific practices that faculty in secondary and postsecondary classes can do for
students with disabilities successes in STEM are to have consistent instructions, expectations, and
handouts (Research-Based Practices…, 2012) Along with uploading notes taken in class for easy
access (Research-Based Practices…, 2012). By having consistent instructions, expectations, and
handouts in these STEM classes, this generates less confusion and more productivity for students
with disabilities since they do not have to constantly check if there are different expectations and
instructions. An interview with PK an undergrad computer science senior student with Asperger’s,
anxiety and depression emphasized the importance of consistent instructions. The student said, “I
really benefited in my computer science classes that had consistent instructions. For me it was
especially effective when testing centers and primary testing areas had consistent instructions
because I had less makeup errors and words spelled wrong” (laMonaca et al., 2022). When there
is consistency throughout the tests, homework, projects and conduct in STEM classrooms, that are
less challenges for students with disabilities in STEM. When instructions are not clear or not
specific and consistent some students with disabilities may be more likely than their peers to
interpret the instructions in the wrong way resulting in lower scores. Documenting instructions
clearly is important for the success of these students (Tiana & A, 2022).
Accessible Lecture Notes
Uploading notes after class is a specific practice that can aid students with disabilities to
succeed in STEM classes. By having this easy access to the notes, this can facilitate students with
disabilities who have complications getting to class obtaining the information they need.
Moreover, this can relieve the burden in some cases to get a personal note taker and can give
students with disabilities more independence. One interviewee who is a computational linguistics
employee and has hypermobility type Ehlers Danlos Syndrome (hEDS) stated, “There were times
in university where I found my whole body in pain and I couldn’t move from my bed and having
the notes uploaded was very convenient for me” (Huneycutt et al., 2022). Having notes uploaded
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for easy access is another facilitation for students with disabilities to have for learning and
understanding STEM topics in class.
Successful Personal Aid Characteristics
For some students with disabilities, having a person that can aid them is another specific
practice in STEM classes that can be beneficial to them. This person can be from the school’s
disability resource center (DRC), a teaching assistant, a classmate or other faculty members.
However, for the most successful interaction between the student and the aid, it is important for
the aid to preplan, be flexible and recognize the implications of assisting when helping the student
with the disability (Effective Use of Personal Assistant..., 2017). By having the aid pre plan and
communicate with the student the type of accommodations needed for the class, this will allow for
the most personalized and effective learning environment. Moreover, pre planning the
accommodations compared to providing accommodations after engaging in the classes decreases
the amount of time it takes to provide the accommodations. The most important thing is to have a
constant communication line between the student with disability and the aid to ensure that the
student is heard and that the aid is actually providing the aid that the student needs (Effective Use
of Personal Assistant..., 2017).
There can be unforeseen circumstances or changes that can happen which need the aid to
be adaptable to still ensure the best conditions for the student with the disability in class. Being
able to adjust to the necessary changes can be as simple as switching learning to online instead of
in person. Most adjustments mostly require awareness in part of the aid to the student. This would
be actively paying attention to any recurrent difficulty that the student might have and suggesting
a way to remove or alleviate that difficulty. There needs to be an open communication between
the aid and student with the disability for the student not to feel like a burden when needing
adjustments (Effective Use of Personal Assistant..., 2017). From an interview with a past student
who was studying neuropsychology and has postural orthostatic tachycardia syndrome (POTs) and
Ehlers Danlos Syndrome (EDS), the student share that, “I never asked for aid or any adjustments
in my classes because I felt ashamed to ask and I didn’t want to be an inconvenience” (Huneycutt
et al., 2022). Thus, there needs to be a level of communication and comfort between the aid and
student and willingness from the aid to be flexible to do any adjustments needed for the student’s
success.
Most students with disabilities in class feel like they are isolated from the rest of their peers
because of their disabilities and accommodations (Effective Use of Personal Assistant..., 2017).
Having an aid should not increase this feeling but rather be a bridge to inclusion from peers. This
can be done by having the aid be in the position that the student can see what is being
communicated. Moreover, this can aid in ensuring that instructors can provide the right
accommodations to the student with the disability. For example, in cases where sign language is
needed in peer-to-peer conversation in class, the aid would be signing while recording through a
phone what the instructor says (Effective Use of Personal Assistant..., 2017). Ultimately, the aid
wants to facilitate observation, communication and comprehension between the student and the
instructor and peers.
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Section 5.3: Mentoring Programs
Mentorship is one way to increase the graduation rate of students with disabilities (Stumbo,
2009). Mentorship is a protected relationship where a less experienced individual is guided by a
more knowledgeable person (‘What is’, 2021). Mentoring relationships present benefits to both
the mentee and the mentor. For the mentee it can increase knowledge, confidence and motivation,
while for the mentor it can promote new ideas and increase communication skills (Figure 5.2)
(Corkery, 2019; Tiana & A, 2022). There are many schools which offer alternative curriculum
programs for people with disabilities; however, these programs separate students from the rest of
the student body (‘20 Colleges’, 2020). Mentoring programs can be used to promote success of
STEM students with disabilities while still including them in the ‘typical’ college experience.
Mentoring programs for people with disabilities have been shown to increase self-determination,
self-advocacy, self-efficacy, and interest in academics (Gregg et al., 2016).

Figure 5.2: Benefits of Mentoring (Baldwin, 2017).
There are many successful mentoring programs for students with disabilities and they come
in many forms. One such program is The Midwest Alliance in Science, Technology, Engineering
and Mathematics (Stumbo, 2009). This program is open to residents from Iowa, Wisconsin, and
Illinois. In this program peer mentoring is focused on high school and new college students who
are paired with older students and alumni. Mentors complete required training and then follow 16
hours of preset curriculum for mentee interaction (Stumbo, 2009). When pairing mentors and
mentees the program focuses first on accommodation needs and then the area of study,
communication methods are also considered. The direct time that is spent between mentors and
mentees is monitored by the staff of the program periodically and full stipends are not received
until after program completion (Stumbo, 2009).
Another regional program is the Northwest Alliance for Access to Science, Technology,
Engineering, and Mathematics (Stumbo, 2009). This program provided an online mentoring
community broken up into different groups. There is one large discussion area along with smaller
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chats, such as, for people with interest in stem and there is one for autistic people. This form of
mentoring allows mentees to not only learn from mentors but also from their peers (Stumbo, 2009).
This also allows an easy transition for mentees if their interests change; they can just join a
different group chat. Those who participated in this program found that it helped them develop not
only academic but also career and social skills (Stumbo, 2009).
Electronic mentoring is another form of mentoring that can be used for supporting students
with disabilities in STEM classes and majors. Today online support learning can be used to
increase retention and engagement. With STEM disciplines there are demands, challenges and
expectations that are unique compared to other disciplines. E-mentoring can provide support to
students with disabilities to overcome these STEM characteristics that are more accessible and
inexpensive (‘STEM E-Mentoring’, 2016). A study done by Noell Gregg from the University of
Georgia showed the outcomes of e-mentoring for students with disabilities in STEM (‘STEM EMentoring’, 2016). It found that students working with other students versus alone to solve
problems in e-mentoring activities had greater learning enhancement. In e-mentoring, interactions
from a diverse population of experts showed a great increase of learning, especially when the
novice learners can slowly take on the problems with the experts. Another finding was that
different communication platforms gave better understanding to specific STEM topics in ementoring. E-mentoring islands with study rooms, mentor lounges, auditoriums and related STEM
resources provided more opportunities for the students and had mentors and mentees spend more
time together. Smartphones were mostly used to stay connected with each other. Finally, the most
important finding was that the matching of mentors and mentees had the highest impact in ementoring student’s success. When trusting and supportive relationships were developed, this not
only resulted in increased learning but also gave students with disabilities more self-advocacy, a
support system and motivation to keep pursuing STEM environments (‘STEM E-Mentoring’,
2016).
Another type of mentorship that is offered are programs directly connected to the student’s
institution, these programs do not focus purely on STEM students. Some institutions such as Rock
Valley College do not require that mentors have a disability. This program is small with currently
only 4 peer mentors (‘Peer Mentoring’). Peer mentors try to help new students socially,
academically, and emotionally by directing them to the proper resources (‘Peer Mentoring’).
There are also larger, more involved peer mentor programs run through institutions such
as Smith College and Purdue University. Smith College launched their peer mentoring program in
2013. In this program incoming students with a disability are matched with older students with
similar interests and disability concerns, who were able to provide advice on navigating Smith
with a disability (‘Community, Support’). This program holds monthly bonding events for the
mentors and mentees and encourages weekly meetings, there is also a disability awareness day
event hosted every year (‘Community, Support’).
The Purdue program started in 2018. In this program mentors and mentees are both
disabled and are matched based on their disability, academic college, and gender (‘Peer Mentor
Program’). The program requires mentors to go through a training workshop and provides
continued support through senior mentors. The pairs are expected to meet every other week and
log the interaction. Outside of direct meetings, socials and workshops are hosted every month.
Workshops range in content from understanding other disabilities, self-advocacy, and transitioning
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into the workplace (‘Peer Mentor Program’). A computer science and math major with a disability
has participated in this program throughout their time at Purdue. Initially matched with a PhD
student, the relationship influenced their post-graduation plans by teaching them about graduate
school. This relationship had influenced this student to pursue a doctorate (laMonaca et al., 2022).
Currently this student is in their second year acting as a senior mentor for the program after being
a mentee as a sophomore and likes to help undergraduates with navigating academics and college
life in general through the peer mentor program (laMonaca et al., 2022). Another senior mentor
with autism in biomedical engineering has followed a similar path in the program. Having started
as a mentee their freshman year the program was highly beneficial for them when navigating social
situations and professor communications (Tiana & A, 2022). At the time having an autism
spectrum disorder (ASD) diagnosis and eating problems caused by undiagnosed Ehlers Danlos
Syndrome (hEDS) she was paired with a mentor with dietary restrictions. This match helped her
navigate access to food while living on campus. She subsequently became a mentor and then a
senior mentor enjoying helping run seminars and guiding others in accommodation navigation.
The peer mentor program has helped her not only be successful in their classes but also work on
leadership skill development (Tiana & A, 2022).
Other institutions require payment to access mentoring. Xavier University offers students
with autism spectrum disorder and other similar disabilities individualized support through the XPath program. This program works with students to develop their self-advocacy skills, social skills,
and academic competence (‘X-Path Program’). Along with support from the coordinators students
in this program are assigned a peer coach to mentor them. This program costs students $1500 a
semester on top of tuition (‘X-Path Program’).
Even before formal mentoring programs those with disabilities found support and
mentoring from peers to be beneficial in their completion of a degree (Anderson et al., 2022). A
technology student in projection mapping with dyslexia, while not part of a formal mentoring,
found a group of other dyslexic students. This group acted as mentors for each other and became
a student organization. The group went into residence halls to talk about disabilities hoping it
would encourage people with disabilities to come forward and advocate for themselves and get the
accommodations they needed to be successful (Anderson et al., 2022).
Section 5.4: Resource Support
Programs and Grants
Over the past 100 years, specifically in the latter half, government legislation has greatly
improved the opportunities for students with disabilities. This is especially seen within the past
15-20 years as the American governing bodies have taken great leaps towards education inclusion
for all. In 2008, the “Higher Education Act of 2008” (HEOA) was revised to include subsections
for students with disabilities. The national parent center on transition and employment (PACER)
highlighted some of these revisions, “In 2008 the “HEOA” for the first time provided access to
financial aid to students with intellectual disabilities attending college programs that meet the
requirements of a “Comprehensive Transition Program (CTP).” PACER continues to explain this
new legislation “The (legislation) emphasizes participation in inclusive college course and
internships and require (the participating) students to be socially and academically integrated to
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the maximum extent possible” ("Inclusive Postsecondary Opportunities for Students with
Intellectual Disabilities", 2022). PACER mentioned Comprehensive Transition Programs, which
are programs for all level of degrees that provide support for students with disabilities. These
programs are designed to provide these students with instruction, guidance, and motivation so that
they may receive academic, financial and career support in order to prepare them for their future
career aspirations. These CTP programs are provided by over 90 colleges and funded by
government programs in over 38 states as approved by the U.S. department of Education. The
focus of these programs is to drive inclusiveness of students with disabilities and have them
participate in regular enrollment practices alongside nondisabled students. These practices include
completing credit-bearing courses, completing elective (non-credit) courses and
completing/participating in internships and work-based training (“Federal Student Aid”, 2019). As
mentioned previously these programs allow students with disabilities to fully participate in regular
academic activities that bring them closer to meeting graduation requirements, while providing
financial aid to qualifying families. Many programs like these CTPs are funded and supported by
the “Think College” national organization, which is “dedicated to developing, expanding and
improving inclusive higher education options for people with intellectual disabilities” (“What is
Think College? | Think College”, 2018). Organizations like “Think College” provide many
students with disabilities the support needed to apply and continue their education without a lack
of inclusion. While government funded organizations provide stipulations for students with
disabilities to be more included in education, many of these students do not have the financial
resources to apply orafford higher education. To aid students in financial need a plethora of
scholarship opportunities are available that can ease the financial burden of attending higher
education.
Scholarship Opportunities
Alongside these government and university sponsored programs, students with disabilities
have a wide range of scholarship options. These options range from government granted
scholarships to privately owned companies providing financial aid for students with disabilities.
Many of these options can be found on CollegeScholarships.org. Some examples of these
scholarships are the Rewarding Individual Success in Education (RISE), Jewish Guild for the
Blind (Lighthouse Guild), Christine H. Eide Scholarship, American Association of Health and
Disability (AAHD) and the Organization for Autism Research. The Lighthouse Guild Scholarship
provides college-bound seniors with visual impairments the opportunity to compete for over
$15,000 worth of scholarships. Similarly, the Christine H Eide Scholarship Award also allows
blind (and visually impaired) under-graduate and graduate students to compete for up to $1000 of
scholarship money. These scholarships are also unique because applicants can choose to vocalize
their written statements rather than typing, providing easier access and applications to students
who would otherwise struggle. On the other hand, the RISE and AAHD scholarships are sponsored
by the U.S. department of education and provide financial assistance to all students with
disabilities providing they adhere to FAFSA requirements. These five scholarships are just a few
examples of scholastic financial resource support provided for students with disabilities. Together
these scholarships and the government/university programs allow students with disabilities to have
a plethora of supporting resources when it comes to applying to and affording higher education.
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Section 5.5: Extended Time
Extended testing time is one of the most commonly used accommodations for students with
disabilities. It is often offered to students with ADHD, dyslexia, or other disabilities that may
impede the speed at which students complete tasks. There are many reasons why extended time
may be necessary, such as challenges with task completion, struggles with time management, and
test anxiety (Liljequist, 2013). Extended testing time removes the pressure of finishing an exam
under an unrealistic time frame, allowing students to focus more on the content of the exam. The
overall goal of extended testing time is to level the playing field for students with disabilities so
that they can fairly demonstrate their academic competency.
At Purdue, to receive testing accommodations students must first meet with a
representative from the Disability Resource Center (DRC) to determine what accommodations are
necessary (Moffatt & H, 2022). If extended testing time is deemed appropriate, the student must
then request this accommodation through the Student Accommodation Portal to be approved by
the student’s professors. The student will then work with the DRC and their professors to determine
what test length (commonly 150% or 200% testing time) will be most beneficial to their success.
Identifying the appropriate time allowance is a delicate balance, as many students with attention
problems have difficulty sustaining their level of concentration over an extended period of time.
Additionally, students may be offered a distraction-reduced environment in which they can
complete their exams, further alleviating attention issues that may decrease their test scores.
Controversy
Despite its potential benefits to students, extended testing time is heavily debated in the
academic world. Some educators believe that extended testing time offers students with disabilities
an unfair advantage over students that must complete the same exam in a shorter time frame. These
beliefs can be harmful to students with disabilities. In an interview with a disabled
neuropsychology student, she revealed that she was offered extended testing time but refused the
accommodations as she did not want to be perceived as having an academic advantage in a highly
competitive environment (Huneycutt et al., 2022). Additionally, there is a common argument that
extended testing time leads to scoring inflation when compared to the scores of non-disabled
students. A 2004 study by Elliot & Marquet counters this argument, revealing that both students
with and without disabilities have increased performance with extended testing time, however, the
students with disabilities had a slightly larger increase in test scores (see Figure 5.3).
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Figure 5.3: Scores for Groups of Students in the Standard and Extended Time Conditions (Elliot
& Marquart, 2004).
According to Lynn Fuchs, a special education professor at Vanderbilt, there are certain
scenarios where “accommodations may exempt students with learning disabilities from
demonstrating the skills the test measures”. If the extended testing time increases a student’s
performance in a way that does not reflect their actual skill level, they may not get the specialized
help that they need. Furthermore, it has been argued that “overly permissive accommodations
reduce pressure on schools to increase learning opportunities for students with disabilities'' (Test
Accommodations, 2013).
Although its fairness has been debated, overall, appropriate extended testing time
accommodations can allow students with disabilities to fully demonstrate their knowledge and
increase students’ confidence in test-taking environments.

Section 5.6: Core Competency Requirements for Higher Education Accreditation
College Board Exams
The College Board is an organization that administers several different tests taken in high
school that aid in a student’s path to college. These tests include the SAT, PSAT, and AP exams.
In the 2020-2021 school year, more than two million students took a version of the PSAT (Moody,
2021). One and a half million students from the class of 2021 took the SAT (“2021 SAT”, 2022).
Roughly thirty-nine percent of students in the class of 2018 took at least one AP exam (“Student
Research”, 2019).
The College Board’s Services for Students with Disabilities (SSD) handles and applies the
rules and regulations for receiving accommodations for exams. There are different avenues for
each test when a student requests accommodations. The PSAT 8/9 accommodations do not need
approval by the College Board, they only need to be approved by the student’s school (“Taking
the PSAT”, n.d.). The PSAT 10, the SAT, and AP exams need College Board approval for
60

accommodations. The application process through the SSD requires the student to provide several
different documents. This list of requirements includes a diagnosis of the specific disability, a
current evaluation, relevant medical, educational, and developmental history, a description of the
testing used to diagnose the disability with results and scores, a description of the student’s
functional limitations, the specific accommodations requested, and an evaluator’s professional
credentials (Advocates for Children New York, n.d.).
Accommodations offered by the College Board fall under four different areas. The first is
presentation, which involves large type, a reader, and audiotapes. The second is responding which
includes a scribe, a large block answer sheet, a tape recorder, and a computer. The third is
timing/scheduling which includes extended time and extra breaks. The last area is setting which
involves a separate location and special seating (Advocates for Children New York, n.d.).
The College Board considers there to be five different competencies throughout their
exams: reading, mathematical calculation, written expression, listening, and speaking. Students
may be approved for extended time in all five competencies or only some. If a student is approved
for extended reading, they will receive extended time for the entire exam. Students approved for
extended time in mathematical calculations, but not reading, will only receive extended time for
math sections. The competencies in written expression, listening, and speaking only receive
extended time for certain sections in AP exams that are impacted by their disabilities. The last
three competencies do not grant extended time on the PSAT 10 and do not apply to the SAT (“How
accommodations”, n.d.). Break accommodations are separated into three different categories. If a
student receives “extra breaks” they are provided one or more additional breaks for the exam. A
student that receives “extended breaks” will break at the same time as other test-takers, but they
will have a longer break time. Finally, if a student receives “breaks as needed”, the student may
break at any time during the exam for as long as needed (“How accommodations”, n.d.).
Medical College Admission Test (MCAT)
The MCAT is a required standardized exam aspiring medical school students take for
consideration of admittance. As a graduate school acceptance exam, it has been seen as one of the
hardest tests to take and do well on. There are four sections in the MCAT, Chemical and Physical
Foundations of Biological Sciences, Critical Analysis and Reasoning Skills, Biological and
Biochemical Foundations of Living Systems, Psychological, Social, and Biological Foundations
of Behavior. Critical Analysis and Reasoning Skills is 90 minutes long, while the other three
sections are 95 minutes long. This makes the MCAT a total of 6 hours and 15 minutes long for
just content time. Although, the entire MCAT takes 7 hours and 27 minutes because of test-day
certification, a tutorial, a void question, an end-of-day survey, and three breaks. The breaks consist
of only two ten-minute breaks between section one and section two and one thirty-minute break
between sections two and three (Shaw, 2021b).
The MCAT strives to create a conformable testing environment that has limited distractions
and maximizes focus for all test takers. The beginning features for the testing environment includes
a testing room with limited movement and noise, individual cubicles for test-takers to prevent
surrounding visual distractions, provided earplugs and/or headsets to reduce ambient noise,
separate storage for food, drink, and medication, adjustable brightness levels on computer
monitors, adjustable chairs, wheelchair accessible desks, and scratch paper for extra work (Shaw,
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2021a). Along with these physical features of the testing environment, the MCAT also allows a
list of common comfort or medical items into the testing room. Every test taker is allowed to bring
an inhaler, an EpiPen, an insulin pump, pills, eyeglasses, a pillow or cushion, and a wheelchair
(Shaw, 2021a). Although these two lists have a good number of precautions the MCAT already
takes to try and help test takers have the best environment while taking the exam, there are cases
in which these resources are not enough.
Due to the Americans with Disabilities Act, there are further accommodations offered to
students with disabilities who are taking the MCAT. The goal of the accommodations is to ensure
equal opportunity to students with disabilities to demonstrate their knowledge and show that they
are fit for medical school. The most common conditions that have qualified test-takers for
accommodations are ADHD, learning disabilities, psychiatric conditions, sensory impairments,
physical impairments, acquired head injuries, and temporary medical conditions. Although even
if a student does not fall under any of these categories, they are able to request accommodations
for other disabilities (“MCAT exam”, n.d.). While the test-taker is requesting for accommodations
they can apply for just one or many. The most common accommodations requested are stop the
clock breaks, extended section breaks, twenty-five percent extended time, fifty percent extended
time, one-hundred percent extended time, vision aids, and the ability to bring in personal items.
Examples of vision aids that have been requested are a scribe or a reader. Additional personal
items may include non-pill medication, diabetic supplies, and height-adjustable workstation.
Although, these accommodations are not the only ones a test-taker can apply for or request based
on their specific disability.
The application process for MCAT accommodations has several steps throughout the
process. A test-taker would begin by creating a profile on the MCAT Accommodations Portal.
Next, the student is asked to describe accommodations they have received in the past, this can be
while in school from elementary school to college and other standardized tests. The students are
then asked to describe what they have used in the past other than accommodations to help them
through education, such as, strategies, devices, or medications. Then, the test-takers must describe
why the non-accommodation strategies are not sufficient while taking the MCAT. The last prompt
in this section is for the students to describe when, how and by whom their diagnosis has been
documented in the past. Once all the first round of prompts is answered, the applicant is instructed
to select which specific accommodations they are applying for. For each selection, the student
must provide a rationale as to why the certain accommodation is necessary (Gharibian, 2021). The
next step for the test-taker is to upload a personal statement that includes their experiences and
current functional limitations. The last section of the accommodations applications is for the
student to upload documents to help with their request. These documents include a current
evaluation, prior evaluations, all past school transcripts, past standardized test scores,
documentation of past accommodations, and supporting academic documents that show the
student’s history of functional limitations and need of accommodations (“Application”, n.d.). Not
every student applying for accommodations is required to submit every type of document, it is
dependent on the disability what is required, strongly recommended, or if applicable, see Figure
5.4, (Gharibian, 2021).
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Figure 5.4: Document requirements for MCAT accommodations (Gharibian, 2021).
The evaluations document is the only one that has certain requirements to be accepted. The
evaluations must be performed by a qualified professional in the specific area of the student’s
disability. A qualified professional for these evaluations has different meanings for the different
disabilities. For learning disabilities, ADHD, and psychiatric disorders an evaluator is considered
qualified when they have had graduate-level training. For physical and sensory disabilities and
diabetes an evaluation must be made by an appropriate medical professional. Another differing
factor in the evaluations is how recent they need to be. For learning disabilities or ADHD, the
evaluations need to be less than three years prior to the anticipated MCAT test date. For psychiatric
disabilities and acquired brain injury, the evaluations have to be within six months of the MCAT
test date (Gharibian, 2021).
Section 5.7: Conclusion
PWDs face challenges in STEM; however, there are many support systems currently in
place to help them succeed. From our findings, our group has noted the importance of consistent,
accessible classes and how these factors tie into the success of ADA for STEM students.
Furthermore, students who have participated in programs, such as mentoring have seen great steps
forward to achieve their goals in the classroom. These mentors, especially ones with similar
situations to the student can provide a great bank of knowledge to support the student with day-today activities. While in the classroom SWDs have various options. External support for exams
allows student test takers to succeed in otherwise stressful settings. Many schools provide students
the ability to increase the amount of time allowed to take exams. Alongside college examinations,
external testing organizations such as the College Board or the MCAT provide ADA students a
plethora of options to accommodate their learning needs. Finally, our group dove into
accommodations STEM SWDs are provided, but financial issues can discourage these students to
pursue their scholastic goals. Fortunately, government grants and scholarships specifically geared
to these students are available, which can allow these students to pursue these dreams without large
financial burden.
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Chapter 6: Future Applications of
Developing Technology
Emily Bultinck, Haley Clark, Lindsey Hopping, John McCarthy, Kate McCarthy, Renee Wesling
Section 6.1: Introduction
The current state of the STEM educational and professional field has an underutilization
of existing and developing technologies to provide access for students and professionals with
disabilities. This chapter focuses on the increase of inclusion that these technologies can provide
to people with disabilities (PWDs) in laboratory spaces. An assortment of different technologies
has been researched to inspire the future of laboratory settings. The specific technologies that have
been researched are robotic lab assistants, artificial intelligence (AI) assistance such as smart
applications, natural language processing voice assistants and IoT, computer based virtual lab
simulations including VR and AR interactions, redesigning laboratory spaces by automating the
current design, 3D printed tools, and telementoring applications.
The recent obstacles associated with the COVID-19 pandemic have resulted in integrated
remote and virtual technologies for educational purposes. More options are becoming available
for students and professionals to work remotely, complete laboratory tasks in a virtual setting, and
utilize technologies in the laboratory space that are improving accessibility and access for PWDs.
Section 6.2: Robotic lab assistants to help with the restricted abilities of PWD
Robotic systems can have a great impact in regards to physically assisting PWDs in a
laboratory space. The systems’ ability to automate physical lab tasks, for example loading vials or
mixing reagents, could allow more PWDs to manage STEM activities and therefore increase the
number of PWDs in the STEM field. Although robotic lab assistants have proved to enhance lab
experience for PWDs, there is still a major under-utilization in academic labs and the workforce
industry.
A chemistry automation consultant, Alexander Godfrey, ran an automated synthesis
program at Eli Lilly where he could remotely run lab experiments by giving instructions for
conditions and reagents and pressing a button (Lemonick, 2019). This technology can allow many
chemists with physically-restricted disabilities to still experience and interpret valuable lab results.
These systems are underutilized in the classroom and industry labs, as there might not be a high
enough demand from PWDs to justify the high expense of the automation. Mona Minkara, a
computational chemist who is blind expressed, “There aren’t technologies being made for blind
scientists because there aren’t blind scientists. There aren’t blind scientists because there aren’t
technologies to support them.” (Lemonick, 2019). This statement from the chemist proves that
industries and universities need to decide to take action and invest in these robotic systems to see
a gradual increase in PWDs in STEM. This gradual increase will be the result of the inclusivity
provided by institutions.
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An example of a positive impact from automated equipment is a student at Indiana
University Bloomington who was on crutches utilized an automated synthesis tool where he only
had to mix reagents and load them into a system and then could remotely control the experiment.
The professor expressed how there was no sign of lack of productivity from the student during the
recovery period which proved that the automated system was successful in accommodating the
physical disabilities (Lemonick, 2019). If more companies and institutions are exposed to success
stories like these, they could be more willing to invest in these systems to accommodate PWD.
Some factors to consider when selecting robotic lab assistants are safety, cost, and
adaptability for all disabilities. Safety is of utmost importance when working in the presence of
potential hazardous chemicals or instruments in a laboratory. Some safety considerations can
include covering sharp edges on the equipment, heightened awareness of the surroundings to avoid
collision with people or fragile objects (Allen et al., 2020). There are multiple options to help with
the factor of cost of these robotic systems. There are government initiatives that can provide
funding for educational robots in the classroom/laboratories (“Educational Robots Market Size,
Share, Trends, Opportunities & Forecast”, 2019). It also can be deemed as an appropriate
investment for companies or universities if the technology is sustainable and used to its fullest
potential. When investing in a high tech system, it should be able to serve as many physical
disabilities as possible. Being able to adjust settings in the robot lab assistant could justify the
expense and assist more PWDs in a workforce or classroom.
Section 6.3: AI assistance such as smart applications, natural language processing voice
assistants or IoT.
There are many innovative and advanced ways for people with disabilities to benefit from
future products and technologies. Some of these systems include: Smart Applications, Voice
Assistants, and Internet of Things. Each of which is an emerging technology, and has much
potential to change the way human beings interact in the future.
One of the most prevalent emerging technologies is the Internet of Things. The Internet of
Things is the connectivity of devices that can range from televisions to thermostats and even
refrigerators. When devices in a house or in a workplace are connected to the internet, the data that
can be drawn from these devices can be immense. Analyzing the data can lead to improvements
in performance and overall capabilities of the devices. Three faculty members of Engineering and
IT from the University of Technology in Sydney, Australia describe the Internet of Things in their
publication titled, “Internet of Things (SoHaib, 2017) in Ecommerce: For people with disabilities”
saying, “Internet of Things (SoHaib, 2017) is an interconnection between the physical object and
digital world… However, the world's largest minority are people with disabilities. IoT can lower
barriers for PWDs by offering assistance in accessing information” (SoHaib, 2017). The Internet
of Things is described as having three layers: the Perception layer, the Network layer, and the
Application layer. The Perception layer is one of the sensors that can take in information from the
outside world. Some key tools in this layer are sensors, smart devices, and Radio-Frequency
Identification (RFID) tags. The second layer is the Network layer which refers to private networks
that allow the smart devices to transmit information to each other. Communication is the key
element of this layer. Finally, the Application layer allows for the data collected to be turned into
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something valuable to the system and the user. Providing solutions to the system and therefore the
end user is the key aspect of the Application layer. These layers combine to give users unique
experience with the world around them and can provide tremendous value to people with
disabilities. For example, Balaram Singh in the publication “IoT based Smart Healthcare
Applications for People with Disabilities” describes a walking path system that uses RFID
technology to assist people who are blind: “The system is able to identify the blind person's
position and the distance between him and the road edge. The system is able to send alerts in the
form of voice messages or vibration when the blind person is close to the sidewalk's border”
(Signh, 2018). This technology can be applied in an unimaginable amount of situations and
environments. These developments have the potential to significantly change the everyday
experience of PWDs.Voice Assistants are also an emerging technology that can potentially be used
to significantly change the lives of people with disabilities. Many people with disabilities struggle
to interact with a computer via the traditional mouse and keyboard. Voice assistants can allow
people with disabilities to interact with computers and even use “voice-to-text” to send typed
messages. As smart speakers are becoming more and more common in the typical household, more
research and innovations will be made in the voice assistant domain. According to George
Terzopoulos and Maya Satratzemi via their publication titled, “Voice Assistants and Artificial
Intelligence in Education,” ‘Amazon Echo and Google Home speakers are considered to reside in
over 50% of US households by 2022” (George, 2019). Terzopoulos and Satratzemi also claim that
spending on voice assistants is set to reach $19 billion in 2022.

Figure 6.1: Amazon Echo (left) and Google Home (right)
After conducting an interview with an Industrial Engineering student at Purdue University,
it became clear that some of this technology is already helping people with disabilities. He shared
that one of his siblings has a disability which prevents her from typing with a keyboard. Voice-totext and voice messaging allows her to interact with her iPad and therefore the people in her life
(Personal Communication, March 25th, 2022.). The increasing popularity of smart speakers such
as Amazon Echo and Google Home and the research that comes with their popularity will only
increase the capabilities and impact that the technology of voice assistants will be able to have on
the lives of people with disabilities.
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Section 6.4: Computer based labs to aid in restricted access.
Over the past thirty years, advancements of monitor-based technology have made
simulations, animations, and video games much more common. This technology is so prevalent
that its application in the form of learning tools for higher education is being explored, leading to
the development of remote, virtual, and hybrid laboratories within STEM education. These
categories distinguish between different access approaches and are defined as follows: Remote
laboratories in which a physical lab containing a real experiment is accessed from a remote
location; Virtual labs in which a software simulation of an experiment is performed; and Hybrid
laboratories which are a combination of remote and virtual (Grout, 2015). Additionally, these
mediums can take the form of Virtual Reality which is an interactive computer-generated depiction
of a setting or activity; or Augmented Reality which is a real-world view with additional computergenerated elements (Kurilovas, 2015).

Figure 6.2: An example of Augmented Reality where supplementary computer-generated visuals
are overlaid over the user’s vision using a headset.
Virtual or remote laboratories parallel real-world labs by modifying the delivery of
laboratory education while still maintaining the specific learning goals of the experience.
Laboratories aim to provide students the opportunity for functional application of a science subject
matter, thus developing scientific reasoning abilities and practical skills to promote a general
mastery of the subject. Computer-based representations of laboratories may be used as an
alternative to in-person traditional labs to increase student access to the experience, however this
media is shown to be most effective when integrated into classroom-setting science instruction
(Singer, 2006).
One benefit of technology-based non-traditional laboratories is the accessibility towards
students with disabilities. Remote laboratories can be used as assistive technology to provide
remote access to the lab equipment for students with disabilities (Grout, 2015). This is particularly
useful for students that require a wheelchair or other mobility aids and may not be able to
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physically maneuver through lab settings. Additionally, the interface associated with virtual labs
can provide access to additional resources, and other aspects of personalization to increase
engagement and inclusivity, such as providing subtitles for people with hearing impairments
(Lynch, 2017).
In addition to the benefits of inclusion, virtual laboratory options also present resource
benefits over traditional educational media. Use of simulated labs allows for students to conduct
experiments that require advanced technology that may not be affordable to their institution. They
also ensure student safety, thus broadening experiment availability to those they may not be safe
in a full lab setting. Simulated laboratories provide the option to adjust time considerations, for
example an experiment that may require an extended period of time to see adequate results can be
modeled within a smaller time frame, allowing for immediate results and feedback.
Section 6.5: Lab layout and design changes to allow all people access to the environment.
Creating inclusion within lab layout and design is crucial for the future of inclusion of
people with disabilities within laboratories. The current underutilization of existing and developing
technology plays a role in the lack of inclusion. One of the main issues regarding disabilities that
require people to use some sort of physical assistance, such as wheelchairs, is the layout spacing
(Holeton, 2020). According to a Siemens Smart Infrastructure employee, one of the main struggles
he has witnessed within his field is the mobility of people with disabilities (2022). The workplace
can be a fast paced environment with meetings coming up at the last minute, and allowing room
for people to get around quickly to their desired locations has become a priority of the company.
Siemens has implemented an open workflow design allowing for office space to be vast and
eliminate traffic. The current design of laboratories can be restrictive and should utilize programs
that can take the walkway and doorway spacing into account when developing the design of
laboratories (Holeton, 2020). Examples of this include using double doors that have the application
to automatically open and close on their own when sensing a person coming or leaving.
The next piece of existing technology that most laboratories lack and can utilize to increase
inclusion of people with disabilities is automated chairs and desks. According to the survey
conducted (see methodology), desk height and chair height were two of the main things that were
chosen as the answers to the question “What are some physical barriers you have faced in the lab
setting?”. There are new existing technologies that allow for furniture like desks and chairs to have
the ability to adjust height. One interviewee of Siemens Smart Infrastructure, states that these types
of desks and chairs have been implemented across their locations in order to allow people with
different disabilities to sit or stand while adjusting the height of their workplace (2022). This would
be beneficial to people with physical disabilities that, for example, must use a wheelchair to sit at
desks. With desks having a set height there can be barriers to accessing the materials on them
caused by not being able to get the correct proximity to the desk.
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Figure 6.3: Desk with Adjustable Height for Sitting and Standing.
Another piece of existing technology that can solve these physical barriers is changing the
standard cabinet design to be automated. According to the survey conducted (see methodology),
another common answer to the question “What are some physical barriers you have faced in the
lab setting?” was opening/closing cabinets. There are existing technologies that would allow for
cabinets to operate in the same manner that automatic door’s function. The cabinets could have
the function where a senor or button was placed on that cabinet that would then open the desired
door once triggered by an input. This design would assist people with physical disabilities.
Overall creating more of a “smart building” setup for laboratory functions would greatly
increase inclusion for people with disabilities, focusing specifically here on the barriers that current
laboratory design has on physical disabilities. Designing larger more accessible walkways and
hallways, adding the function to allow the furniture in the laboratory to adjust to a specific person's
height or reach, and automating the doors and cabinets to open through a button or sensor can
allow for more people to be able to perform to the best of their abilities within the laboratory
setting.
Section 6.6: 3D printing low tech assistive devices to aid in education for PWD
3D printing is not a new technology, but its rise and popularity and access has created a
new tool for increasing accessibility for PWDs in STEM. While there are many ways 3D printing
can be used to improve STEM education, three categories of aid that impact PWDs directly are
the creation of personalized tools to help them complete lab activities, improved STEM
engagement with tangibles, and new forms of data presentation. After conducting a survey focused
on determining challenges PWDs face in STEM education 45% of survey respondents noted that
they thought increasing the use of 3D printed adaptive tools would improve their STEM education.
The first category of aid is personalized tools. These are everyday items that can be created
at low cost and primarily help people with motor disabilities. Some examples of these tools would
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be personalized pencil grips, flash drive holders, and test tube cap openers (Bosse and Pelka, 2020).
The tools allow what would traditionally be a small motor activity, and therefore harder to
complete for those with mobility disabilities, into larger motor activities. This is usually done
through making the object larger or adding a push panel, like in the case of the test tube cap opener
shown to the left. The benefit of using a 3D printer in the production of these tools is that it is
cheap, quick, and easy to produce these tools. It also allows for more innovation so the user can
personalize their assistive technology or create new tools altogether if they want.

Figure 6.4: 3D printed test tube cap opener. (Bosse and Pelka, 2020)
The next two categories of aid fall under the concept of tactile learning. The first is that 3D
printing can improve STEM engagement during education. It has been proven that people retain
and understand information better if they can interact with the information in a variety of ways
(Knochel et.al., 2018). 3D printing technology allows educators to create tangibles, or interactable
objects, which can then be handed to students for demonstration. An example of a well-known
tangible would be a human skeleton in an anatomy lab. It helps students further visualize how
different bones interact with one another. The issue with these current tangibles though, is that
they are expensive and limit how many students can interact with it at once. 3D printing technology
would allow for smaller, less expensive models to be created and therefore more consistent student
interaction. This is impactful because it helps engage the student and therefore keep them focused
on the topic. All students can benefit from this, but it can especially aid students with a variety of
learning disabilities.
The other side to tactile learning is multisensory information display. 3D printers allow for
personalized multisensory graphs and data visualization to be created. Some examples of the
displays would be 3D graphs or models with braille labeling. These tools increase accessibility for
STEM students, educators, and researchers with visual disabilities. Like tangibles, the benefits of
these displays are not limited to people with visual disabilities though, as 3D displays can help
further engagement for all students. One study, which encouraged PWDs to enter into
3D printing makerspaces, create manipulated graphs that allow users to change the slope of a line
themselves (Buehler et al., 2016). These tools provided a hands-on learning opportunity and would
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further aid in STEM education for PWDs. This is also an example of how inclusion of PWDs in
maker spaces can allow for further creative independence.
Overall, a future direction for disability inclusion and accommodation in STEM education
will be facilitated by 3D printing. Through the creation of personalized tools and educational
tangibles this technology can aid people with a wide variety of disabilities. One important note
though, is that current maker spaces and 3D printing design software are not easily accessible to
all PWDs. Some ways to combat this issue have been the creation of custom stylus grips to allow
people with motor disabilities to use the software more easily, or the implementation of staff
assistants to aid students.
Section 6.7: E-Mentoring
As access to STEM education continues to increase, another method that has continued to
be integrated into the classroom to increase student engagement is tele-mentoring, or e-mentoring.
E-mentoring is defined as pairing a student with a remote mentor to help guide them through their
classes, answer questions, and provide general support. E-mentoring is incredibly beneficial, as
students have access to a wide range of mentors pertaining to a specific topic of study. Because of
this, it is more likely that a student will have the opportunity to be paired with a mentor who is
considered an expert in their field (O’Neill, 2014). E-mentoring is cost and time effective, as it
does not require students or mentors to travel and mentors can be paid at an hourly rate depending
on the amount of time they work. Additionally, e-mentoring equalizes students, as all students
have access to the same resources as their mentors. Students are able to disclose as much or as
little information pertaining to their personal disability as they feel comfortable doing, thus
reducing the threat of stereotyping (Gregg et. al., 2014). For these reasons and more, e-mentoring
has personal, social, and academic benefits for students with disabilities.
Mentoring has proven effective for student success, as mentors are able to provide
encouragement, individualized attention and assistance, advice, feedback, and a safe relationship
for students. When surveyed, 73% of students reported their mentor helped them increase
achievement, and 59% of mentored students saw an increase in their grade averages. Therefore, it
is an effective and important piece in student success and should be implemented in classrooms
with students with disabilities. With the rise of technologies in the classroom, e-mentoring has
become a helpful tool to engage students. Specifically for students with disabilities, e-mentoring
has proven to be invaluable, as it has allowed students to connect with professionals who share
their experiences. One particular e-mentoring community, DO-IT (Disabilities, Opportunities,
Internetworking, and Technology), serves as a tool for students with disabilities looking to pursue
challenging academic and career fields, such as STEM. DO-IT is a unique e-mentoring network,
as the mentors are former mentees and all individuals in the network have access to other students
and professionals; DO-IT is not a traditional one-to-one mentoring program, so students have the
ability to network with and receive feedback from countless mentors. DO-IT maintains a core set
of values that they have attributed much of their success to; they suggest an e-mentoring
community should have clear goals, a well-developed communication structure, guidelines for
students, mentors, and parents, support for mentors, and opportunities for students to engage with
their community (Burgstahler et. al., 2007). These guidelines helped outline a successful
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mentoring program and extended the definition of mentoring beyond a one-to-one relationship
students have with their mentor.
One study evaluated how SWDs interact with mentors and the effects this relationship has
on student retention and self-confidence. As researchers tracked the relationship between students
and their mentors, they made multiple observations regarding factors that positively impact student
engagement. Firstly, the platform by which students chose to interact with their mentor did not
have any correlation with the success of the mentoring relationship. All students were able to
choose the best platform for communication; some students used Skype, Google Hangout, or
Facebook Messenger to communicate with their mentors. The combination of text, phone, and
video communication was beneficial to students, as they were able to speak directly to their
mentors or send a quick question via text. Some students used a separate platform that allowed the
mentor and mentee to send voice messages back and forth. For students with physical disabilities
or blindness, this platform was the best, as it was easy to use and had limited extra buttons. The
findings surrounding communication platforms suggest that there is a higher rate of success in the
mentoring relationship when students are able to select the platform that best suits their needs and
allows them to feel comfortable communicating with their mentor (Gregg et. al., 2014).
Section 6.8: Conclusion
In conclusion, a number of technologies have emerged in recent years that are allowing
SWDs to have greater access to STEM education, such as robotic assistants, voice assistants, smart
lab design, 3D printed tools, and e-mentoring platforms. The robotic systems allow for PWD to
still be in control of experiments/tasks without being physically active. Voice assistants are still
improving, but smart speaker systems such as the Amazon Alexa and Google Home show a
promise for more improvements in future years. Secondly, improvements to classroom layouts are
improving access for students in wheelchairs and with mobility issues. Classrooms with wide
doors and open concept layout and automated desks and chairs that will adjust height as necessary
are becoming more commonplace in schools, thus increasing access for students with varying
abilities. Virtual and remote laboratories allow for unrestricted access to lab simulations. 3D
printing allows for the customization of lab equipment and accessories for students. Additionally,
3D printing allows for educators to design and implement hands-on activities for students and
provide a tangible application for concepts discussed in the classroom. E-mentoring through
varying communication platforms, such as Google Hangout and Microsoft Teams, provides SWDs
the opportunity to work remotely with mentors to receive guidance and academic support. As the
world of education continues to evolve, it is important to consider how SWDs can continue to
thrive and receive an education that allows them to succeed within STEM fields.
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List of Recommendations
1. It is recommended that secondary and post-secondary educational institutions implement an
EDI (Equality, Diversity and Inclusion) awareness requirement for students, faculty, and the
community, which includes properly equipping those without disabilities to gain a deeper
understanding of the needs and challenges of people with disabilities.
2. It is recommended to increase societal awareness of disabilities that may not be visible.
3. It is recommended that companies incorporate PWDs into their mission for diversity and
inclusivity within the workforce.
4. Implementing career development programs for people with disabilities within secondary and
postsecondary education and companies.
5. It is recommended that teachers use personal experiences with previous students with
disabilities in order to educate other teachers about good practices within teaching.
6. Teacher training and professional development should incorporate special education
practices and exposure to working with students with disabilities for all courses as most
special education students spend the majority of their time in general education classrooms.
7. It is recommended that all individualized education programs (IEPs) have a robust transition
plan that details what accommodations students should request in higher education and work
settings, their protections as an adult, and implications of self-disclosing a disability.
8. Create more internship and research recruiting programs that cater specifically to students in
STEM with forms of physical or mental disabilities in order for them to gain hands-on work
experience in their respective field of study.
9. It is recommended that accommodations specific to the students' needs as well as universal
design strategies should be implemented to aid in providing a classroom and work area that is
user friendly to all students based on their specific strengths, needs, and learning preferences.
10. Laboratories must be made more physically accommodating by making accessible entrances,
including wide entrance ways with automatic doors, , and posting clear signage.
11. Following universal design guidelines, there should be adequate aisle width which allows for
up-to-360 degree turns in a wheelchair, sufficient knee-to-toe clearance, padded seating, and
flexible-height work stations and fume hoods in which placement of tools remain within
reach of persons in wheelchairs.
12. Safety equipment such as hands-free eye wash stations, personal protective equipment, and
first aid kits must be placed at an accessible height for persons in wheelchairs.
13. There should also be multiple mechanisms of safety alarms, such as flashing lights and text,
to account for people with auditory and visual impairments.
14. The laboratory color palette and design for benches and walls must also account for various
sensory needs, such as low vision and color blindness, by ensuring sufficient color contrast.
15. A wide range of altered lab equipment should be available, such as plastic beakers with
handles, graduated cylinders with raised lines, rubber gripper pads, beaker tongs, and flexible
clamping systems.

16. It is recommended that Titles II and III of the American with Disabilities Act (ADA)
explicitly modify policies to allow service dogs to be permitted into lab environments.
17. Proper assessment and accommodations to service dogs into lab environments are needed, as
well as an adequate alternate space for the service dog if they are not needed within the lab.
18. Advocacy and preparedness for students in STEM labs who use visual-assistance dogs need
to be increased as well as having the same level of protective equipment available for
canines.
19. STEM lab equipment needs to include the following to assist visual-impaired students:
multisensory aspects, tactile and auditory outputs on instruments, and along with braille
labels.
20. Microsoft (or other presentation software) should create a “mode” that makes the
presentation have ideal specs for those with visual impairments (font: size 24, style: Sans
Serif) and adopting these standards to be more friendly for those who use screen readers (i.e.,
alt text for visuals and content set in the order in which it is intended to be read.)
21. Future advancements are needed for creating graphs and tables with speech-to-text
technology as well as finding better ways to communicate scientific terminology beyond
ASL, which is quite limited.
22. The use of microscopes that project the image of the subject to a screen, board, or personal
tablet/computer is necessary in order to allow all participants to analyze the image at hand.
23. A transition to remote microphones rather than using Telecoils (T-coils) in buildings could
be helpful along with increasing compatibility across different brands of microphones and
hearing aids to accommodate more users.
24. Future technological advancements are needed to reduce Bluetooth signal delay, specifically
with hearing aids.
25. To promote inclusivity, teachers, teaching assistants, and staff in secondary and postsecondary schools have a direct line of communication (i.e. provide a survey at the beginning
of the semester) with students with disabilities along with the flexibility for any needed
change for their success in STEM courses.
26. Peer mentoring programs that match students based on accommodation needs and academic
area of study should be offered to promote students' success academically, socially, and
occupationally.
27. It is recommended that high schools and colleges provide an extensive list of federal grants
and national scholarships specifically for students with disabilities.
28. It is recommended that 150%-200% extended testing time be offered to students with
disabilities in an effort to level the scholastic playing field and allow them to demonstrate
their academic competencies.
29. It is recommended that core competency requirements for STEM education, such as the SAT
and MCAT, offer PWDs the ability to receive extended time, breaks as needed, and separate
testing location.

30. It is recommended that future assistive technologies should include PWDs in the design
process in order to provide greater STEM inclusion and accessibility.
31. It is recommended that remote, simulation, or virtual and augmented reality technologies are
used in STEM to increase access to laboratory instruction, when possible, to allow PWDs to
have parallel laboratory experiences.
32. It is recommended that 3D printed tools such as mobility aids, tangibles, and tactile graphs
should be implemented within STEM education to aid in the active participation of PWDs
within physical laboratory spaces.
33. It is recommended that the presence of e-mentoring in STEM classrooms and professional
fields should increase to provide PWDs encouragement, personal development opportunities,
and career direction.

Methodology
For this topic of people with disabilities in STEM, there were many sources needed to give
insight on the main aspects of this topic. The main aspects are attitudes and policies toward the
inclusion of PWD in STEM, improving learning environments and pathways to support students
in STEM, physical accessibility of STEM in the lab and field, alternative mediums of scientific
information, non-physical accommodations and future technologies. These sources were from
literature reviews, interviews and surveys. The people who were targeted for the surveys and
interviews were individuals who had any disability and/or were STEM-focused, academically or
career-wise. To get the most honest and unbiased responses, all the responses were made
anonymous. The IRB protocol number approved by Purdue University is 1902021803. How the
interviews, survey and literature review were accomplished are specified below:
The interviews were done by email, video calls, telephone calls, text messages, and in
person. Interviewees were found through the people who took our survey, Purdue students from
the DRC and known PWD in STEM. The target population was any person with disabilities who
has or had a focus in STEM academically or career wise, this can be an undergraduate student in
biology or a software developer. All the people interviewed are found in the appendix in this
document. Having these interviews really helped us gain an insight of the challenges and necessary
actions needed for PWD to succeed in STEM. Thus, we would like to thank all the people who
were interviewed.
A survey was created and conducted through Qualtrics, a platform provided by Purdue for
web-based surveys. This survey consisted of 48 questions and its purpose was to gather more
information on the opinions of people with disabilities on STEM education. The first few questions
on the survey focus on demographics in order to determine if the people taking the survey are
within our target population of students and educators with disabilities in STEM fields. The rest
of the survey asks about challenges faced by PWDs in STEM and ways to go about addressing
these challenges. In order to get responses this survey was sent out to Reddit groups, Facebook
groups, and organizations around the Purdue University campus that focused on people with
disabilities. A total of 63 people responded to the survey. All responses were anonymous, but
responders were given the option to leave their email for further interview if they wished.

A review was done over relevant peer reviewed journals and articles discussing
accessibility in STEM labs and educational settings. All of the literature used can be found in the
bibliography section.
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